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ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH A 
ENHANCED COLLECTOR ELECTRODE FOR COLLECTING MORE 

PARTICULATE MATTER 

Inventors: 
Robert J. Sinaiko 
Charles E. Taylor 

Claim of Priority: 

[0001 ] This application claims priority from provisional application entitled "ELECTRO- 

KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH A ENHANCED 
COLLECTOR ELECTRODE FOR COLLECTING MORE PARTICULATE MATTER," 
Application No. 60/340,462, filed December 13, 2001, under 35 U.S.C. 119(e), which 
applications incorporated herem by reference. This application claims priority from provisional 
application entitled "FOCUS ELECTRODE, ELECTRO-KINETIC AIR TRANSPORTER- 
CONDITIONER DEVICES," Application No. 60/306,479, filed July 18, 2001 under 35 U.S.C. 
1 1 9(e), which application is incorporated herein by reference. This application claims priority from 
and is a continuation-in-part of U.S. Patent Application No. 09/924,624 filed August 8, 2001 
which is a continuation ofU.S. Patent No. 09/564,960 filed May 4, 2000, which is a continuation- 
in-part ofU.S. Patent Application No. 09/186,471 filed November 5, 1998, now U.S. Patent No. 
6,176,977. All of the above are incorporated herein by reference. 

Cross-Reference to Related App lications- 

[0002] 1 . U.S. Patent Application No. 60/341,5 1 8, filed December 1 3, 2001 , entitled 

"ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH AN 
UPSTREAM FOCUS ELECTRODE"; SHPR-01041US6 
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10003] 2US ^tentApplicationNo.60/341,090,filedDece m berl3,2001, e ntitled 
"ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH TRAILING 
ELECTRODE"; SHPR-0 1041 USE 

[0004] 3. U.S.PatentApplicationNo.60/341,433,filedDecemberl3,2001 entitled 

5 "ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH 
INTERSTITIAL ELECTRODE"; SHPR-0 1 04 1USF 

10005] 4U SPatentApplicationNo.60/341,592,f,ledDece m berl3,2001,enti^ 
"ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH 
ENHANCED COLLECTOR ELECTRODE"; SHPR-0 1 04 1USG 
10 [0006] 5 - U.S. Patent Application^ 

"ELECTRO-KINETIC AIR TRANSPORTER-CONDniONER DEVICES WITH 
ENHANCED EMITTER ELECTRODE"; SHPR-0 1 04 1USH 

[0007] 6US ^tentApplicationNo.60/341,179,filedDecemberl3,2001,entitled 
"ELECTRO-KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH 
15 ENHANCED ANTI-MICROORGANISM CAPABILITY"; SHPR-01028US1 

[0008] 7 . U.S.PatentApplicationNo.60/340,702,fiIedDecemberl3,2001 entitled 

"ELECTRO-KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH 
ENHANCED HOUSING CONFIGURATION AND ENHANCED ANTI- 
MICROORGANISM CAPABILITY"; SHPR-01028US2 

20 [0009] 8. U.S.PatentA P plicationNo.60/341 ) 377 > filedDec em berl3,2001,entitled 

"ELECTRO-KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH 
ENHANCED MAINTENANCE FEATURES AND ENHANCED ANTI-MICROORGANISM 
CAPABILITY"; SHPR-01028US3 

[0010] 9. US.PatentApplicationNo. 10/023,197, filed December 13, 2001 .entitled 

25 "ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER WITH ENHANCED 
CLEANING FEATURES"; SHPR-01041USI 
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[0011] 10. U.S. Patent Application No. 10/023,460, filedDecember 13,2001,entitled 

"ELECTRO-KINETIC AIR TRANSPORTER CONDITIONER WITH PIN-RING 
CONFIGURATION"; SHPR-01041USJ 

[0012] 1 1 . U.S. Patent Application No. 60/34 1 , 1 76, filed December 1 3, 200 1 , entitled 

"ELECTRO-KINETIC AIR TRANSPORTER-CONDmONER WITH NON-EQUIDISTANT 
COLLECTOR ELECTRODES "; SHPR-01041US8 

[0013] 12. U.S. Patent Application No. 60/340,288, filed December 1 3, 2001 , entitled 

"DUAL INPUT AND OUTLET ELECTROSTATIC AIR TRANSPORTER-CONDITIONER"; 
SHPR-01041US7. 

[0014] 13. US. Patent Application No. 10/xxx,xxx, filed herewith, entitled "ELECTRO- 

KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH AN UPSTREAM 
FOCUS ELECTRODE"; SHPR-01041USL 

[0015] 14. U.S. Patent Application No. 10/xxx,xxx, filed herewith, entitled "ELECTRO- 

KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH TRAILING 
1 5 ELECTRODE"; SHPR-01 04 1USM 

[0016] 15. U.S. Patent Application No. 10/xxx,xxx, filed herewith, entitled "ELECTRO- 

KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH INTERSTITIAL 
ELECTRODE"; SHPR-01 04 1USN 
[0017] 16 - U.S. Patent ApplicauonNo.lO/xxx^ 

20 KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH ENHANCED 
COLLECTOR ELECTRODE"; SHPR-01041USO 

[0018] 17. US.PatentApplicationNo. 10/xxxpcxx, filed herewith, entitled "ELECTRO- 

KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH ENHANCED EMITTER 
ELECTRODE"; SHPR-01 04 1USP 

25 100191 18 - U.S. Patent ApplicationNo.lO/xxxpcxx,filedherewith, entitled "ELECTRO- ' 

KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH ENHANCED 
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ANTI-MICROORGANISM CAPABILITY"; SHPR-01028US4 

[0020] 19. US. Patent Application No. 1 0/xxx,xxx, filed herewith, entitled "ELECTRO- 

KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH ENHANCED 
HOUSING CONFIGURATION AND ENHANCED ANTI-MICROORGANISM 
5 CAPABILITY"; SHPR-01028US5 

10021] 20. U.S.PatentApplicationNo. 10/xxx,xxx, filed herewith, entitled "ELECTRO- 

KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH ENHANCED 
MAINTENANCE FEATURES AND ENHANCED ANTI-MICROORGANISM 
CAPABILITY"; SHPR-01028US6 

10 [0022] 21 U.S.PatentApplicationNo.lO/xxx,xxx,filedherewith,entitIed"ELECTR 
KINETIC AIR TRANSPORTER-CONDITIONER WITH NON-EQUIDISTANT 
COLLECTOR ELECTRODES "; and SHPR-01041USQ 

[0023] 22. U.S. Patent Application No. 1 0/xxx,xxx, filed herewith, entitled "DUAL 

INPUT AND OUTLET ELECTROSTATIC AIR TRANSPORTER-CONDITIONER"; SHPR- 
15 01041USR. 

I0024J All of the above are incorporated herein by reference. 

Background of the Invention- 

[0025] The use of an electric motor to rotate a fan blade to create an airflow has long been 

20 ^^inAeart. Unfortunately 

children who maybe tempted to poke a finger or a pencil into the moving fan blade. Although such 
fans canproduce substantial airflow (e.g., l,(K)0ftVnimute or more), substantial electrical^ 
is required to operate the motor, and essentially no conditioning of the flowing air occurs. 
[0026] K's^owntoprovidesuchfanswithaHEPA-compliantfilterelementtoremove 
particulate matter larger thanperhaps 0.3 urn. Unfortunately, the resistance to airflow presented 

bythefilterelementmayrequiredoublingtheelectricmotorsizetomaintainadesiredlevelof 



25 
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airflow. Further, HEPA-compliant filter elements are expensive, and can represent a substantial 
portion of the sale price of a HEPA-compliant filter-fan unit. While such filter-fan units can 
condition theairbyremovinglargeparticles, particulate matter small enough to pass through the 
filter element is not removed, including bacteria, for example. 

[0027] The use of an electric motor to rotate a fan blade to create an airflow has long been 

known in the art. Unfortunately, such fans produce substantial noise, and can present a hazard to 

cWloVenwhomaybetemptedtopokeafiiigerorapencilmtomemovmgfanblade.^ 

fans canproducesubstantialairflow,e.g.,l,000ftVminuteor more, substantial electrical power is 

required to operate the motor, and essentially no conditioning of the flowing air occurs. 

[0028J Itis ^owntoprovidesuchfaiiswithaHEPA-compliantfilterelementtoremove 
particulatematterlargerttanperh^^^ 

bythefilterelementmayrequiredoublingtheelectricmotorsizetomaintainadesiredlevelof 
airflow. Further, HEPA-compliant filter elements are expensive, and can represent a substantial 
portion of the sale price of a HEPA-compliant filter-fan unit. While such filter-fan units can 
condition the airbyremoving large particles, particulate matter small enough to pass through the 
filter element is not removed, including bacteria, for example. 

(0029] Itisalso ^owninmearttoproduceanairflowusingelecUo-kinetictechuiques^ 
by which electrical power is directly converted into aflow of air without mechanically moving 
components. One such system is described in U.S. Patent No. 4,789,801 issued to Lee(1988), 

whichisincorporatedhereinbyreference.The'SOlpatentdescribesvariousde 
asfreamofiornzedauusmgso-^ 

kineticdevices maybe small enoughtobe handheld, and in other applications electro-kinetic 
devicesmaybelargeenoughtoconditiontheairinaroom. In overview, electro-kinetic techniques 
use high electric fields to ionize air molecules, a process that may produce ozone (0 3 ) as a 
bvproduct. Ozoneisanunstablemo^ 

of high voltage arcing. In appropriate concentrations, ozone can be a desirable and useful 
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substance^utozonebyitsel^^ 

and viruses in the environment surrounding the device. 

[0030] Fig. 1 A depicts a generic electro-kinetic device 1 0 to condition air. Device 1 0 

includesahousingZOthattypicallyhasatleastoneairinputportSOandatleastoneairou 

40. Within housing 20 there is disposed an electrode assembly or system 50 comprising a first 

electrodearray60havingatleastoneelectrode70andcomprisingasecondelectrodearray80 
havingat least one electrode 90. System 10 further includes a high voltage generator 95 coupled 
between the first and second electrode arrays. 

[0031] Asar esult,ozoneandionizedparticlesofairaregene ra tedwitWndevicelO^ 
thereisanelectroWticflowofairinthedirectionfromthefirstelectrode^ 
secondelectrodearray80.InFig.lA, the large arrow denoted INrepresents ambient air that can 
ent CT mputport30.Thesmairv^^ 

ambient air. The air movement is in the direction of the large arrows, and the output airflow, 
denoted OOT, exits device 10 via port 40. An advantage ofelectro-kmetic devices such as dev^ 
lOisthatanairflowiscreatedwithoutusingfansorothermovingpartstocreatetheairflow. 
[0032] Preferabl y.Particulatematterintheambientaircanbeelectrostatical^ 
tothesecondelectrodearraySO, with the result that the outflow (OUT) ofair from device 10 not 
onlycontamsozoneandionizedair,butcanbecleanermaiitheambient^ 
lAcanfimctionsomewhatasafanto^ 

IdeallyflieoutflowofafrCOt^ 

includes appropriate amounts of ozone, and some ions. 

[0033] AsshowninFig. 1 B, system 50 includes an array of first ("emitter") electrodes or 

conductivesurfacesTOmatarespaced-apartsynunetricallyfroman^^ 
electrodesorconductivesu^ 

pulsegene ra tor95matoutputsatrainofhighvoltagepulses(e.g.,0toperhaps + 5KV)isc^ 
tothefirstarray,andthenegativepulsegeneratorterminaliscoupledtothesecondarrayinthis 
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exampIeJtistobeunderstood^^ 

array can include or be replaced by a single electrode. 

[0034] T^Wghvoltagepulsesionizetheairbetweenthearrays.andcreateanairflow 
from the taytoward^ 

5 60 in the air is entrained within the airflow and also moves towards the second electrodes 90. 
Much of the particulate matter 60 is electrostatically attracted to the surfaces of the second 

electrodes90,whereitremains,musconditionmgmeflowofafre 
voltagefieldpresentbetw^^^ 

which can eliminate odors that are entrained in the airflow. 

10 [0035] to * e P^larembodimentofFig.lB,nr S telectrodes70arecircularincross- 
section, having a diameter of about 0.003" (0.08 mm), whereas the second electrodes 90 are 
substantially larger in area and define a "teardrop" shape in cross-section. The ratio of cross- 

sectionalradiiofcurvaturebetweenthebulbousfrontnoseofthesecondelectrodeandmefi 
electrodesexceeds 10:1. As shown in Fig. IB, the bulbous front surfaces ofthe second electrodes 
90facethefu,telec^ 

theairflow.The»sha n) 'M r ailingedgesonthesecondelectrodes90promote g oodelectrostatic 
attachment of particulate matter entrained in the airflow. 

[0036] to ^ oth ^Particularembodimentshow 1 ihereinasFig.lC ) secondelectrodes90 
are symmetrical and elongated in cross-section. The elongated trailing edges on the second 
electrodes 90 provide increased area upon which particulate matter entrained in the airflow can 



15 



attach. 



[0037] WhilelheelectrostaHc.echniquesdisclosedbythe'801 patent are advantageous 

overeo„ve„,io„alel«Wcfan-fil<^ 

would be advantageous. 

25 [0038] ^'^"^edisadevieetoconditionairinaroomthatcanopentterelatively 
ailentlytoremoveparticulatematterinthea.r.thatcanpreferablyoutputapprepria.eamountsof 
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viruses, and the like. 
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Summary of the Invention- 

[0039] The present invention provides such an apparatus. 

[0040] ^^tofthepraentmventioni 

conditioningairwimoutmovingparts.Anembodimentofmepresentinventioninclud 
generator comprising first and second electrodes, or first and second conducting surfaces, 
electrically connected to the output ports of a high voltage generator. The second electrode or 
conductingsurfacecanel^^ 
the air. 

[0041] ^he^ectofthepresentmventionistoincreasemeaircleaningperwattof 
electrical power consumed. An embodiment ofthe present invention has two intake and two outlet 
ports. Byincreasingthenumberofintakes and outlets, a larger volume ofair can be moved and 
conditioned without having to expend more energy to maintain the airflow velocity. 
(0042] toanot heraspectofthepresentinvention,twoormoreiongeneratingunitsare 
enclosed inahousinghavingdual inlets and dual outlets. Such an am^gement can increase airflow 
without an increase in voltage levels or voltage differentials in the ion generating unit. 
[0043] Anotherembodimentoftheinventionincludesoneormoresecond electrodes 

20 hav ^ganon-lmeartailsection.Thetailsectionmcreasesmewidm 

electrode. As a result, there is a larger surface area to attract and capture particles. 
10044] StiII ^otheraspectofmepresentmventionistokillmicroorganismswithm 
airflow. An embodiment of the invention has a germicidal lamp, located upstream ofthe ion 
generator, to kill microorganisms. 

25 [0045] 0ther objects,aspect S ,featuresandadvantagesofmemventio 

the following description in which preferred embodiments have been set forth in detail, in 
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conjunction with the accompanying drawings and also from the following claims. 
Brief Description of the Drawing s: 

10046] FIGS. 1A-1C; Fig. 1A is a plan view of an electro-kinetic air transporter- 

5 conditi °ners^ 

and second electrode arrays, according to the prior art; Fig. 1C is yet another embodiment of the 
first and second electrode arrays, according to the prior art; 

[0047] FIGS. 2A-2B; Fig. 2A is a perspective view of an embodiment of the present 

invention;Fig.2Bisaperspecuveviewoftte^ 
10 second array of electrodes; 

[0048] FIGS - 3A -3E;Fig.3Aisaperspectiveviewofanomerembodimentofmep^ 
invention;Fig.3Bisacut-awayviewoftheembodiment shown in Fig. 3 A, illustrating the ion 
genemtorcontamedwith^ 

in Fig. 3B; Fig. 3D is a perspective view of yet anotoer em^ 
3E is still another embodiment of the present invention; 
[0049] FIGS . 4A-4C; Fig. 4A is an electrical block diagram of an embodiment the ion 

generator, according to the present invention; Fig. 4B is a partial electrical block diagram of 
another ^bodimentofthe present invention; Fig. 4C is apartialelecmcal block diagram 
another embodiment of the present invention depicted in Fig. 4B; 

20 [0050] FIGS - 5A -5J;Fig.5Aisaperspectiveviewofanembodimentoftheelectrode 
assemblyaccordingto^^ 

Fig. 5A; Fig. 5C is aperspective view of ano^ 

is still another embodiment ofthe electrode assembly; Fig. 5E is yet another embodiment of the 
electrode assembly; Fig. 5F is a plan view ofthe embodiment shown in Fig. 5E; Fig. 5G is still a 

fr^erembodimentoftheelectrodeassembly;Fig.5Hisaplanviewofanomerembodimentof 
meinvention;Fig.5Iisaperspect^ 
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Fig. 5J is a plan view of the embodiment shown in Fig. 51; 

[0051 ] FIGS. 6A-6B; Fig. 6A is a perspective view of yet another embodiment of the 

electrode assembly, according to the invention; Fig. 6B is a plan view of a further embodiment of 
the electrode assembly; 

5 [0052] FIGS. 7A-7D; Fig. 7 A is a perspective view of another embodiment of the 

electrode assembly, according to the present invention; Fig. 7B is a perspective view of an 

embodimentmodifiedfromthatshowninFig.7A;Fig.7Cisaperspectiveviewofyetanother 
embodiment modified from that shown in Fig. 7A; Fig. 7D is still another embodiment of the 
electrode assembly; 

10 [0053] FIGS. 8A-8C; Fig. 8A is a perspective view of yet another embodiment of the 

electrode assembly, according to the present invention; Fig. 8B is a perspective view of an 
embodiment modified from that shown in Fig. 8 A; Fig. 8C is a perspective view of still another 
embodiment of the electrode assembly; 

[0054] FIGS. 9A-9C; Fig. 9A is a perspective view of still another embodiment of the 

electrode assembly, according to the present invention; Fig. 9B is a perspective view of another 
embodiment of the electrode assembly; Fig. 9C is a perspective view of yet another embodiment 
of the electrode assembly; 

[0055] FIGS. 10A-10C;Fig. 1 OA is a perfective view of yet another embodiment of the 

electrode assembly, according to the present invention; Fig. 1 0B is a perspective view of an 
embodiment modified from that show in Fig. 1 OA; Fig. 1 0C is a perspective view of another 
embodiment modified from that shown in Fig. 10A; 

[0056] FIGS. 1 1A-1 ID; Fig. 1 lAis a perspective view of still another embodiment of 

the electrode assembly, according to the present invention; Fig. 1 IB is a plan view of the 
embodimentshowninFig. HA;Fig. HCisaper^tiveviewofan embodiment of theinvention 
modified from that shown in Fig. 11 B; Fig. 1 ID depicts another embodiment of the invention; 
[0057] FIGS. 12A-12F; Fig. 12A is a plan view of still another embodiment of the 
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electrodeassembly.accordmgtothepresentinventionjF^ 

modified from that shown in Fig. 12A; Fig. 12C is a plan view ofyet another embodiment of the 

electrodeassembly;Fig.l2Di S aplanviewofanembodimentmodified from that shown inFig. 

1 2C; Fig. 1 2E is apian view of a further embodiment of the electrode assembly; Fig. 12Fis apian 
5 view of an embodiment modified from that shown in Fig. 1 2E; 

10058] FIGS. 13A-13C;Fig. 13A is a perspective view ofanother embodiment of the 

electrode assembly, according to the present invention; Fig. 1 3B is a perspective view of still 
another embodiment of the electrode assembly; Fig. 1 3C is a perspective view ofyet another 
embodiment of the electrode assembly; and 
10 [0059] FIGS. 14A-14C;Fig. 14A is a plan view ofanother embodiment of the present 

invention;Fig. 14B is an embodiment modified ofthat shown in Fig. 14A;Fig. 14C is an another 
embodiment modified ofthat shown in Fig. 14A. 

Detailed Descri ption of the Present Invention - 
15 Overall Air Transporter-Con ditioner System Confic niratinn- 

[0060] Fi ^ 2 Aand2Bdepictanelectro-kineticairtransporter-conditioner S ysteml00 
whose housing 1 02 includes preferably rear-located intake vents or louvers 1 04 and preferably 

frontlocatedexhaustventslO^andabasepedestallOS.Preferablymehousingisfreestandm^ 
and/or upstandingly vertical and/or elongated. Internal to the transporter housing is an ion 
generating unit 160, preferably powered by an AC:DC power supply that is energizable or 
excitable using switch SI. Switch SI, along with the other below described user operated 
switches, is conveniently located atthetop 103 oftheunit 100. Ion generating unit 160isself- 
containedmmatofoermanamW^ 

save external operating potential, for operation of the present invention. 
25 [0061] ™ eu PP^surfacel03ofliou^^ 

towhichis affixedasecond array 240 of collector electrodes 242. The housing 102 also contains 
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afirstarrayofemitterelectrodes230,orasinglef,rstelectrodeshownhereasas^ 
wire-shapedelectrode232.(Theterms'Vire''and*Vire-shaped"^ 
herein to mean an electrode either ^ 

a PP earanceofawire.)Intheembodiment shown, liftingmemberll2 lifts second array electrodes 
240upward,causingthesecondelectrodetotelescopeoutofthetopofthehousingl02and,if 
desired, out ofunit 100 for cleaning, while the first electrode array 230 remains within unit 100. 
As is evident from foe figure, me second 

the top 1 03 of unit 1 00 along the longitudinal axis or direction of the elongated housing 102. This 
arrangement wimmeseconde^ 

for the user to pull the second electrodes 242 out for cleaning. In Fig. 2B, the bottom ends of 

secondelectrodes242areconnectedtoamemberll3,towhichisattachedamechanism500, 
whichincludesaflexiblememberandaslotforcapturingandcleaningthe first electrode 232,' 
whenever handle member 1 1 2 is moved upward or downward by a user. The first and second 

arraysofelectrodesarecoupledtotheoutputterminalsofiongeneratingunitl60,asshowni 
15 Figs.4A-4B. 

[0062] ^ e g CTer alshapeofmeembodimentoftheinventionshowninFigs.2Aand2B 
isthatofafigureeightmcross-section,althoughother shapes are within the spirit and scope of the 
mvention.Thetop-to-bottomheightofmepreferredembodto 
lm,wimaleft-to-rightwidmofpreferablyl5cm,andafront-to^ 
althoughotherdimensions and shapes can ofcourse be used. A louvered construction provides 
ampleinletand outlet venting in an economical housing configuration. There need be no real 

distinctionbetweenventsl04andl06,excepttheirlocationrelativetothesecondelectrodes. 
These vents serve to ensure that an adequate flow of ambient air can be drawn into or made 

availabletomeumtl^andmatanadequateflowofionizedairto 
25 of 0 3 flows out from unit 100. 

[0063] As will be described, when unit 1 00 is energized with SI , high voltage or high 
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potentialoutputbyiongene^ 

tothesecondelectrodes.Themovementoftheionsinan'W'to"OUTMirection^ 
ions air molecules, thus electro-kinetically producing an outflow ofionized air. TTie'W' notation 
in Figs. 2 A and 2B denote the intake of ambient air with particulate matter 60. The "OUT' notation 
inthefigures denotes the outflow of cleaned air substantially devoid ofthe particulate matter, which 
particulatesmatteradhereselectrostaticallytomesijrfaceofmesecondelectrodes 
ofgeneratingthe ionized airflow appropriate amounts ofozone(0 3 ) are beneficiallyproduced.lt 
maybedesiredtoprovide the inner surface ofhousing 102 with an electrostatic shield to reduces 
detectable electromagnetic radiation. For example, a metal shield could be disposed within the 

housmg,orportionsofmeinteriorofmehousingcanbecoatedwimame^^ 
radiation. 



15 
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Dual Inlet and Dual Outlet Flect ro-Static Air Tr an SD orter-ConH,tinn P r- 
[0064] Referring now to Figs. 3A-3B, the unit 200 has a housing 21 0 with two intake 

areas 204a and 204b and two exit areas 206a and 206b. The housing 210 is preferably 
manufactured &om ABS plastic. Housing 2 M 

ofunitl00.However,theunit200hasasubstantiallylargerbody(i.e.thecross-sectioninplan 
viewissubstantiallylarg^^ 

Withtwoion generatingunits,moreparticles can be removed from the airflow with lower or no 
increase in voltage or voltage differential across the electrodes of the ion generating units and with 
thus less generation of ozone. It is within the scope and spirit ofthe present invention to 
manufacturefoehous^™^^ 

steel. Ifthehousing210containsagermicidallamp290(tobedescribedlater),thehousing210 
must be manufactured from a material that will not deteriorate or degrade from exposure to 
ultraviolet light. By way of example only, such material may be CYCOLAC® ABS plastic, 
manufactured by General Electric Plastics. 
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[0065] Afirst inletareaorvent204aislocatedonthetopsurface203ofthehousing210, 

andasecondinletareaorvent204bislocatedonthebottomsurface205ofthehousing210.lt 
isto be understood that with a bottom inlet the housing has legs (not shown) which elevate the 
housingabovethesurfaceuponwhichitrests. Preferably, the first inlet vent 204a is located in the 
center of the top surface 203. Similarly, the second inlet vent 204b is preferably located in the 
centerofthebottom205. As is evident from the Fig. 3A the inlets cover a large part of the area 
of the top of the housing and the bottom of the housing. In particular in this embodiment, only a 
peripheralmarginofthetopofthehousingdoesnotcompriseaninlet. The same is true of the inlet 
inthebottomofthehousing. These large inlets allow for an increased volume of airflow. Further, 
intheperipheralmarginofthe top surface are located the controls and indicators and the handle 
forremovingthe second collector electrode ofthe ion generators and in another embodiment the 

germicidal lamps. As will become apparent later, the air is preferably brought into the center of 
foe housing 2 1 0 wifo the two ele^^ 

towards theoutletvents206aand206b. The inlet vents 204a and 204b are located "upstream" 
of each ofthe two electrode assembly 220 so that in a preferred embodiment the air travels the 
shortestpathpossiblebetweentheinletandoutlet. Theoutlet vents 206a, 206b are preferably 
located directlydownstreamofeachiongeneratorso that the airflow created by each electrode 
assembly 220 may have a separate exit out ofthe housing 210. The outlet vents are located 
through thesideperipheral wall ofthe housing between the top and bottom. Preferably the outlet 
vents are located at the ends ofthe oval-shaped housing. Theoutlet can extend aroundthe ends 
to theflattersideoftheovalifnecessaryto increase thevolumeofairthat flows therethrough in 
order to match the intake of air through the inlet vents. The inlet vents 204a, 204b as shown in 
Figs.3A-3Bareelliptical oroval in shape. It is within the scope ofthe present invention for the 
inlet vents 204a, 204b to include other shapes such as, but not limited to, circular, rectangular, and 
hexagonal. Air entering the unit 200 is shown by the large arrow labeled "IN." Air exiting the unit 
200 is shown by a large arrow labeled "OUT". The two inlet vents 204a, 204b allows, a greater 
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volumeofairtoentertheunit200. As previously mentioned, the aircontains particles, such as 
dust,whichareremovedbytheunit200. The more air conditioned or cleaned by the unit 200, the 
greater the number of particles removed from the air. 

[0066] Asindi catedalx)vetheunit200alsohastwooutletventstoprovideanoutletfor 
eachiongeneratordisposedwithinthehousing200. The two outlet vents 206a, 206b are located 
along the side wall 207, and are preferably opposite one another. The air passing through the 
housing210couldbe conditioned and/or cleaned by a smgle electrode assembly 220 as in previous 
air conditioners (see Figs. 2A-2B). However, a single electrode assembly 220 will not efficiently 
conditioiVcleanmemcreasedvolumeofafrbroughtmtomehou^^^ 

204a,204b. By way ofexample only, the increased airflow can pass more particles through the 
electrode assembly 220. Accordingly, in apreferred embodiment, and as indicated above, the 

housin g 210containstwoelectrodeassemblies220toefficiently condition/clean theincreased 
airflow. 

(0067] Both the inlet vents 204a, 204b and the outlet vent 206a, 206b are partially 

coveredbyfinsorlouvers212.Eachfm212isatninridge,spaced-apartfromthenextfrn212, 
so that each fin 212 creates minimal resistance as air flows through the housing 210. In this 
embodiment, as in the embodiment of Figs. 3 A, the fins 212 covering the inlet vents 204a and 
2<Mbarealignedaiongmelongaxiso^ This 
configuration does not allow an individual to look side-to-side through the inlet 204a or 204b and 
directlyviewthe inner sidewall211. The fins 21 2 covering the outlet vents 206a and 206b are 
preferablyelongatedandvertically oriented andparallelto the upstandinghousing210oftheunit 
andtheelectrodes,andpart^^ 

(described below) within the electrode assembly. Accordmglym a prefen-ed embodiment me inlet 
louvers, the outlet louvers, and the second collector electrodes are all parallel. Of course none of 
theabovecouldbeparallelinotherembodimentsoftheinvention. The outlet fins are aligned to 
give the unit 200 a "see through" appearance. Thus, a user can "see through" the unit 200 by 
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lookingintooutl^a^ 

within the housing 210, but just a quiet unit that cleans air passing therethrough. 

[0068] An electro-kinetic air transporter-conditioner having two intake areas 204a, 204b 

isanimprovementoverprevuu^^ 

5 - to ^h^g210atanxedvolu me tricairrate(ft3/s^ 
totheareaoftheinletof^^^ 

anrateoftfosembodimentisp^ 

unitlOOisconstrainedbytheaxeaofthesingleinletlCM.IncontrasMheembodimentn^ 

hastwoinlets204 a) 204b. Accordingly, ifthe airflow velocity is sinularbetwe^ 
10 ^--Fig^Aa.dSA.thee™^ 

thehousing210. Since more air can travel through the housing 210 shown in Fig. 3A, particlesare 

broughtintothehousing210^ 

than a unit with only a single inlet and outlet. 

[0069] ™ s P he "°— canalsobeexpla^^ 

15 ^thehousm g 210.Aca^ 

thetopsurface203orthebotto m surface205ofthehousing210.Thecatchn 1 entareaiswhere 

ansingstrea m ofs m okewillbedrawnintothehousing210throughthe^ 

insteadofcontinumgverticallyintotheroom.ll.ecatchmentra^ 

outeredgeofthe m letvents204aor204bofthedevice200 m dtheouteTma Jg inof^ 
20 ^ThecatchmentradiusRofanairtransporter-conditionerassho^ 

onlyafewinchesupstreamfromtheintakeofthedevice. The catchment area of the unit 200 as 
shownasRinFig.3B,extendsapprox^ 

Further,thepresenceofcatclm 1 entareasoneachoftherwosides203,205ofthehousing210 
essentiallydoubles m eeffectivene S sofmeunit200mcomp^ 

25 [0070] Withtwt >^gerinletvents204a,204b,theintakeairflowsmoreslowlythanit 
wouldbeifitweremnneledandacceleratedthroughasingleinlet.™ 
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needed to move air through the intakes 204a, 204b, or alternatively, that for a given energy 
Ihelineaxairflowve^^ 

foragivenenergyexpenditure.canresultinenergysavings. With larger inlets and outlets, there 
5 ismor ^owwithout^ 

generating unit. In another embodiment, increased airflow can be realized with an increased 
voltage potential across the ion generator unit. However, this may require greater energy 

expenditureandmayg e neratemoreozone.Inthepresentembodimentwithdualiongeneration 
units, and with dual inlets and outlets, a greater volume of air is cleaned at the same or lower 
1 0 voltage potential than in previous embodiments. 

[0071] There are other dividends of a slow intake airflow velocity. For example, 

slow-movmgparticles suspended^ 

ofthecollectorel^ 

200 also means that, if the device 200 is equipped with a germicidal UV lamp 290, microbes 
suspended in the intake air will spend more time in proximity to the lamps, and will be more 
effectively killed (described hereinafter). 

[0072J Improvements are also due to an increased cross-sectional area of the outlet vents 

206a,206b. Foragivendegreeofaircte^^^ 

206b of the device 200 is slower than the velocity of the previous models. Preferably wider 
spacingbetweensecondelectrodes242givesrisetoagreatertotal cross-sectional outlet 206a, 
206b,andthepresenceoftwoseparateoutletvent S 206a,206beffectively doubles theoutflow.' 
Increasingthespacingbetween electrodes 242 slighdydiminishes the linear outflow velocity. It is 
beueved,howev CT ,that^^ 

thereductioninflowvelocity.Forexample,wideningthedistanceY2(seeFig.5A)froml»to 
l-SS'-wasfoundtoreducetheairflowvelocitybylessthanSo/o, while the cross-sectional area of 
the airflow was increased by 25%. 



15 
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[0073] Fig. 3A further illustrates the operating controls for the device 200 on the 

peripheralmargin. TTie follow^ 

electrical schematic of Figs. 4A and the accompanying description. 

[0074] Located on top surface 203 of the housing 2 1 0 is an airflow speed control dial 

214, aboostbutton216, a Wiondial 218, and acle^ 

control dial 214 has three settings from which a user can choose: LOW, MEDIUM, andHIGH. 
Theairflowrateisproportionaltothevoltagedifferential between the electrodes or electrode 
arrays in the ion generators. The LOW, MEDIUM, and HIGH settings generate a different 
predeterminedvoltagedifferencebetween the first and second armys within the ion generator. For 
example, theLOWsettingwill create the smallest voltage difference, while the HIGH setting will 
createthelargestvoltagedifference. The LOW setting will cause the device 200 to generate the 
slowest airflow rate, while the HIGH setting will cause the device 200 to generate the fastest 
airflow rate. 

[0075] The ^ctiondial218enablesausertoselect < lonic,"'lonicAJV,"or"Offi 
the function dial 218 is set to the 'W'^ 

transporter-conditioner, creating an airflowfrom the inlets 204a, 204b to the outlets 206a, 206b 
removingfoeparticIeswitWn^ 

operate when the function dial 218 is set to "Ionic." When the function dial 218 is set to the 
"IonicWsetting,thedevic e 200 will function as an electrostatic air transporter-conditioner, 
creatinganairflowfromme^^ 

within the airflow. In addition, the "Ionic/UV" setting activates the germicidal lamp 290 to 

additionallyremoveorkil^ 

function dial 218 is set to the "Off setting. 

[0076] As P reviou sIymentioned,thedevice200preferablygeneratessmallamountsof 
ozoneto reduce odors witWn me rc<) m . If mere is aji extremely pungent odor witmn the room^ 
auserwouldliketotemporarilyacceleratemerateofcleamng,thedevice200hasaboost button 
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216. When theboostbutton216ispressed > thedevice 200 will temporarily increase the airflow 

ratetoapredetenninedmaximumrat^andgenerateahigheramountofozone.Inapreferred 
embodiment, pressing the boost button 21 6 will increase the airflow rate and ozone production 
continuouslyfor5minutes. This time period maybe longer orshorter. At the end of the preset 
timeperiod(e.g.,5minutes),medevice200 
the control dial 214. 

[0077] The cleaning/overload light 219 indicates if the second electrodes 242 require 

cleaning, or if arcing between the first and second electrode airays has occurred. The 
cleaning/overload light 219 mayilluminate either amber orredincolor. The light 219 will turn 
amber ifthe device 200 has been operating contmuously for more man two weeks and me s^ 
array 240 has not been removed for cleaning within the two week period. The amber light is 
controlledbythetwoweektimecircuitl30(seeFig.4B)which is connected to thepower setting 
circuitl22.Thedevice200 will continue to operate after the light219tums amber. The light 219 

isonlyanindicator.Toresetthelight219,thesecondarTay240mustberemoved completely 
fromtheunit200,and then placed back into the unit200. The timer circuit 130 (seeFig.4B) will 
reset and begin counting a new two week period. 

[0078] Th^^^^willmrnredtoindicatethatarcinghasoccurredbetweenthefirst 
array230andthesecondarray240a SS ensedbyasensin g circuitl32. When arcing occurs, the 
device 200 will automatically shut itself off. The device 200 cannot be restarted until me dev^ 
200 is reset. For the device 200 to be reset, the second array 240 may be removed from the 
housing210,preferablyafter^^ 

becleanedandplacedbackintothehousing210.Afterplacingthesecondan-ay240backinto 
mehousmg202,tummeunit200onandifnoarcmgoccurstWs^ 

andgenemteanairflow.Ifmearcingbetweentheelectrodescontinues,^ 



25 shut itself off. 
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[0079) Also on the top surface of the housing are located handle 212 which are used for 

lifting out through the top of the housing the second collector electrodes of the ion generating 
electrode assembly units for cleaning. This is accomplished in much the same manner as the second 
collector electrode are removed from the unit 100 depicted in Fig. 2B. 

10080] Referring now to Fig. 3C, the housing 210 contains two ion generators 220. 

Preferably,bothiongenerators220are similar. It is withm the scope and spirit ofthe invention for 

theiongenerators220tohavedifferentconfigurauons.Bywayofexample J and 

3C, each ion generator 220 has a first array of electrodes 230 including a single wire-shaped 

electrode 232, and a second array of electrodes 240 including two "U"-shaped electrodes 242 

havingatailsection246. The tail sections 246 can be directed m me same direction and be p^ 

as depicted, or the tail sections can be configured to diverge from each other in order to form a "V" 

or'T"configurationadjacentto^^ 

th ^tandsecondan-ay230,240to includes 

configurations as described below (see Figs. 5A-13C). Thus, any ofthe other many ion generator 
umtsdescribedanddepictedbelowcanbesubstimtedformeiongen^ 

3C. ^catedbetweenthetwoiongenerator S 220isafocusorleadingelectrode224(described 
hereinafter). In this case, the two ion generating units 220 share a focus electrode 224. However, 
inomerembodimeTitsmefocu S electrode224can 
multiple focus electrodes. 

10081] m * ev ^™selectrodeassembte 

ispreferablyfabricated from tungsten. Tungsten is sufficientlyrobust to withstand cleaning, has a 
highmeltingpointtoretardbreakdowndueto ionization, and has a rough exterior surface that 
seems to promote efficient ionization. On the other hand, second electrode 242 preferably will 
haveahighlypolished exterior surface to minimize unwanted point-to-point radiation. Assuch, 
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electrodes 242 preferably are fabricated from stainless steel or brass, among omer materials. The 
polished surfaceofelectrodes242also promotes ease of electrode cleaning. Understandably, the 

materialforelectrodes232and242shouldconductelectricity,beresistanttocorrosiveeffects 
from the application of high voltage, yet be strong enough to be cleaned. 

5 [0082] Incontrasttothepriorartelectrodesdisclosedbythe '801 patent, electrodes 232 

and 242, are light weight, easy to fabricate, and lend themselves to mass production. Further, 

electrodes232and242describedhereinpromotemoreefficientgenerationofioni Z edair,and 
appropriate amounts of ozone, (indicated in several of the figures as 0 3 ). 

10 Electrical Circuit for the FJectro-Kinetir TWi^- 

[0083] As best seen in Fig. 4A, ion generating unit 160 for the embodiment of Figs. 

2A-3C includes a Wgh voltage gene^ 

voltage(e.g.,117VAC)intodirectcurrent("DC^voltage.Circuitryl80preferablyinclude S 
circuitrycontrollmgmeshapeand/ordutycycleofmegeneratorum^ 
isalt CT edwimuserswitchS2). 

coupled toswitchS3,totemporarilyprovideaburstofincreasedoutputozone. Circuitry 180 can 

alsoincludeatimercfrcuitandavisualindicatorsuchasalightemirangdiode(TED 

orotherindicator(including,ifdesired,anaudibleindicator)signalswheniongenerationqui^ 
occurring. The timer can automatically halt generation of ions and/or ozone after some 
20 predetermined time, e.g., 30 minutes. 

[0084] ™ eW ghvoltagegeneratorunitl70preferablycomprisesalowvoltageoscillator 
circuitl90ofperhap S 20KHzfrequency,matoutputsIowvoltagepulsestoanelec^ 
300,e.g.,athyristororthelike. Switch 300 switchably couples the low voltage pulses to the input 

wmdingofastep-uptransformerTl.ThesecondarywindingofTliscoupledtoahigh 
multiplier circuit310thatoutputshighvoltagepulses.Preferablythecircuitry and components 
comprisinghighvoltagepulsegeneratorlTOandcircuitlSOarefabricatedonaprintedcircuit 



15 



25 
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board that is mounted within housing 102. 

[0085] ^ ut P u 'sesfix>mhighvoltagegenmtorl70prefe ra bIyareatleastlOKVpeak^ 

to-peakwithaneffectiveDCoffsetoU 0 rexa m pIe,haIfthepeak-to-peakvoltage,andhavea 
frequency of, for example, 20 KHz. Frequency of oscillation can include other values, but 

5 ^^yofatleastabout20KH^ 

sameroomastheunitlOCitmaybedesiredtoutilizeandevenhigheroperatingfrequency.to 
preventpetdiscomfortand^^^ 

offorexample 10%, which will promote battery lifetime if live current is not used. Of course, 
differentpeak-peak^^ 
10 ^nciescanbeused^ 
maybeused,albeitwim S ho^ 

be referred to as a high voltage pulse generator. Unit 1 70 functions as a DC.DC high voltage 
generator.andcouldbe^^ 
pulses that are input to electrode assembly 220. 
15 [0086] ^ no ^>°utfl OW (OU^ 

candestroyoratleastsubstantiallyalterbacteria,germs,andotherliving(orquasi^ 
subjected to the outflow. Thus, when switch SI is closed and the generator 1 70 has sufficient 
operatmgpotentialpulsesfrom 

ionized air and ozone. When SI is closed, LED will visually signal when ionization is occurring. 

20 [0087] Preferably operating parameters of unit 1 00 are set during manufacture and are 

generallynotuser-adjustable.For example, with respect to operating parameters, increasing the 

peak-to-peakoufoutvoltageand/ordutycyclemmeWghvoltagepulsesgenm 

increasemeairflowrate,ioncontent,andozonecontent.Theseparametersc m 
b y^tingswitchS2 

25 200 feet/minute, ion content is about 2,000,000/cc and ozone content is about 40 ppb (over 
ambient)toperhaps2,000ppb(overambient).Decreasingtheratiooftheradiusoftheno S eof 
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the second electrodes to the radius of the first electrode or decreasing the ratio of the 
sectionedareaofthesecondelectrode to the first electrode below about 20:1 will decreaseflow 
rate, as will decreasing the peak-to-peak voltage and/or duty cycle of the high voltagepulses 
coupled between the first and second electrode arrays. 

5 I0088J ^P^^^nitlOOisplacedinaroomandconnectedtoanappropriatesource 
ofoperatingpotential,^^ 

emitsiomzedairandpre^ 
andozonefreshenstheairintheroom^^ 

theundesiredeffectsofcertainodors^acteria^erms.andthelike.^ 
10 kinetically produced, in that there are no intentionally moving parts within unit 100. (Some 
mechanical vibration may occur within the electrodes.). 

Dual Ion Generate Unit Embodiment Wit h Germicidal T amp- 
Figs. 14A-14R 

15 [0089] Fi gS-14A-14Billu Sfr ate^ 
tofurfoerreduceorkiUba^^^ 

lamp that emits viewable light and radiation (in combination referred to as radiation or light 280) 

havmgwavelengthofabout254nm.Thiswavelengthi S effectiveindiminishing 

bacteria,germs )a ndvimsestowluchitisexposed.L^ps290arecommerciallyavaiIable.^ 
example, the lamp 290 may be a Phillips model TUO 25 W/G25 T8, a 25 W tubular lamp 
measuringab^n^di^^ 

TUO 8 WG8 T6, an 8 W lamp measuring about 1 5 mm in diameter by about 29 cm in length. 
Other lamps that emit the desired wavelength can instead be used. 

I0090J As P re viouslymentioned,oneroleofmehousing210istopreventanmdividual 
fromviewing,bywayofexa^^^ 

disposed within the housing 210. Figs. 14A-14Bi^ 
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^P^OwitWnthehous^™ 

th e gei m icidalla m p290andtheelectrodeassembly220,andthegennid 
250 and the outlet 260 and the inlet and outlet louvers 212. 
[0091] toa P refen -edembodimen^ 

ab ^theUV ra diationem^ 

211 of thehousing^Ocajibeformed^^^ 

radiationabsorbmgfinishorcolor.toalsopreventtheUVradiati^^ 
inlet 250 or the outlet 260. 

[0092] Asdi scussedabove,the^ 

anylineofsightoftheuserintothehousing210. The fins 212 covering the outlets are vertical. The 
fins 21 2 covering the inlets204a, 204^^^ 

andtheoutletareallparalleltoeachotherandarealsoparalleltothesecondcollectorelec^ 
242(excludinganytailportion246ofthesecondcollectorelectrode)inordertostrea m linethe 
airflow. Preferably,atlea S ttheoutIetfi n sandthesecondcollectorelectrodes242areparallel. 
Thus, it can also be observed that the fins 212 covering the inlets 204a, 204b are about parallel 
with the sides of the housing 210. It is to be understood, however, that an embodiment of the 

mventionalsoworksifnoneofmefinsandtheelectrodesareparalld 
isprefemblydeepenoughtoprevem^ 

wall 21 1 upon which UV radiation strikes. In a preferred embodiment, an individual cannot 
^viewftetosurfac^ 

260a or 206b, or either inlet vent 204a or 204b. Looking between the fins 212 and into the 

housing210a!Iowsanmdividualto«seethrough"medevice2()0.^ 

of the outlet vents 206a and at the other outlet vent 206b. It is to be understood that it is 

acceptable to see light or a glow coming from within housing 210 if the light has a non-UV 

wavelength. Ingeneral,an user viewing into the inlets 204a, 204b or the outlets 206a, 206b may 

beabletonoticealightorglow emitted from withm me housing 210. m general, the radiation 280 
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reflectedofftheinteriorsurfacelll ofthe housing 210, has shifted from theUV spectrum. The 
wavelengmofmeradiationchangesfrommeUVsr^m^into 
Thus, any light emitted from within the housing 210 is appropriate to view. 
[0093] ^ a ^discussedabove,mehou^ 
5 "faoo^^wWm 

upon the lengthoftimesuch organisms aresubjected to theradiation 280. Thus, the lamp 290 is 
preferably located within the housing 210 where the airflow is the slowest. In preferred 
embodiments, the lamp 290 is disposed within the housing 210 along line A-A. Line A-A 
designates the largest width and cross-sectional area ofthe housing 210, perpendicular to the 
10 airflow. Thehousing210createsafixedvolumefortheairtopassthrough. In operation, air 
ente rc theWe te 204aand204bwWchh^^ 

A-A. Since the width and cross-sectional area ofthe housing at line A-A are larger than the width 

andcross-sectionalareaoftheinlet204aor204b,theairflowwill decelerate from the inlet to the 
IineA -A- Byplacmgfoel^ 

15 time as it passes through the radiation 280 emitted by the lamp 290. In other words, the 
microorganisms wimmmeakwillbesubjectedtome^ 

bypIacingthelam P 290alonglmeA-A.Itis,however,withinmescopeofmepresent^ 
to locatethelam P 290anywhere within the housing 210, preferably upstream ofthe electrode 
assembly 220. 

20 [0094] Aradiation-shieldmgshell270sub S tantially S urroundsthelamp290. Thelamp 

290,asshowninFigs. 14A-14C, is a circular tube parallel to the housing 210. Thus, without the 
shell270,lampradiation280wouldbeemittedinall directions from the lamp 290. The shell 270 
mounts to secure thelamp 290 within the housing 2 10. The interior surface 271 ofthe shell 270 
canbeblackened.Theshell270h^ 

the lamp 290. The fin S 272directtheradiation280towardmeinteriorwall211awayfrom the 
inlet204aor204b,ortheoutlet206aor206b.Theshell270direct S theradiationtowardsthe 



25 
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fim272foriiradiatingthepassingairflow. The shell 270 directs the radiation 280 emitted from the 
lamp 290 inasubstantiallyperpendicular orientation, inapreferred embodiment, to me crossing 
airflowtraveling^^ 

being emitted directly towards the inlet 204a or 204b or the outlet 206a or 206b. In other 
embodiments the shell 270 and the fins 272 can have reflective surfaces if desired. In the 
embodimentshowninFig.l4A, the lam P 290 is located along the side ofthe housing 2 10. Thus, 
soon after the air passes through the inlet 204a or 204b, the air is immediately exposed to the 
radiation emitted by the lamp 290. 

[0095] ^ othe rpreferredlocationofthelamp290alonglineA-AisshowninFig.l4B. 
Two walls 274a, 274b direct the radiation 280 away from the electrode assemblies 220, the inlets 

204aand204b,andtheoutlets206 a and206b.Thewall274aislocated between the lamp 290 

andmeelectrodeassembly220 a andtheoutlet206a.Thesecondwall274bislocatedbetween 
the lamp 290 and the electrode assembly 220b and the outlet 206b. Both walls 274a, 274b 
prevent a user from directly looking through the outlets 206a and 206b and viewing the UV 
radiation emitted fromthelamp 290. To prevent the light emitted from me lamp 290 from shining 
directly at the inlets 204a and 204b, the walls 274a and 274b form a cover over the top and 
bottomofthelamp290. Preferably, the first and second walls 274a, 274b are curved, with the 
convex surface facing the lamp 290, in order to direct radiation from the lamp 290 outward toward 
the flowofair.Itiswithinthescopeofthepresentinventionforthe first and second walls 274a, 
274b to have other shapes such as, but not limited to, "V"-shaped and concave. 
100961 Fi& ^"^^^OOhavmgtwog 

210. InthisembodimenUfirst germicidal lamp 290a is located between me third focus electrode 
224andmefirstelectrodeassembly220aandmeoutlet206a.AsecondgermicidalI^ 
is located betweenthethirdfocuselectrode206b.Eachgermicidallamp 290a and290bhasa 
sheimOsubstantiallysimound^ J4A ft 

iswithmmespiritandscopeofmepresentmventiontoinco^ 



Attorney Docket No.: SHPR-0 1 04 1 USS SRM/SDS 
ssanford/shpr/1 04 1 uss/1 04 1 usS.appIication.wpd 



Express Mail No.: EL670725498US 



-27- 



10 



15 



20 



25 



Fig. MBintothisembodiment,^^^ 

directly into the inlets or outlets. 

[0097J Fl 8M4A-14Cfflustrateeii^ 

similartothoseshowninFigs.5^ 

assembly coirfgumtionsde^^^^ 

14A-14C. 

[0098] In Fig. 3D, the housing 2 1 0 has a removable side panel 207, allowing a user to 

access and remove the germicidal lamp 290 fiom the housing 210 when the lamp 290 expires. The 
sidepanel207haslockingtabs2261o^^ 

Thelockingtabs226,asshowninFig.3D,are"L"-shaped. Each tab 226 extends away from the 

panel207inwardtowardsmehousing210,andthenproject S downward, P arallelwiththeedge 

ofthepaneI207.Itiswiminthe S piritandscopeofmeinventiontohavedifferentlysh^ 

226.Eachtab226mdividuallyand S hdablymterlc< ; kswimrecesses22^ 

210. Thesidepanel207al S ohasabiasedlever(notshown)locatedatthebottomofthepanel 
207 that interlocks ^th me recess 230. To remove the panel 207 from the housing 210, the lever 
isurgedawayfrommehousmg210,andmepanel207isslidvertically upward untilthetabs 226 

disengagetherecesses228.Thepanel207ismenpulledawayfrommehousing210. Removing 
the panel 207 exposes the lamp 290 for replacement. 

[0099] ^ e P an el207alsohasasafetymechanism(notshown)toshutthedevice200off 
whenmepanel207isremoved. Thep^ 

asafetyinterlockrecess(notshown)when the panel 207 is secured to the housing 210. Byway 
ofexampleonly,thereartabdepressesasafetyswitchlocated within the recess when the front 

panel207issecuredtothehou S ing210.Thedevice200willoperateonlywhenthereartabin 
mepanel207isfollyinsertedmtomesafetymterlockr^ When the panel 207 is removed from 
thehousing210,therearprojectingtab disengages fromthe recess and the power is cut-offto the 
entire device 200. For example if a user removes the front panel 207 while the device 200 is 
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running, and thegennicidal lamp 290 isemittingUVradiation.thedeviceZOOwilltumoffassoon 

astherearprojectmgtabdisengagesfromtherecess.Preferabl^thedevicelO^ 

the front panel 207 is removed only a very short distance (e.g., ■/,") from the housing 210. 

10100] Fig.SEillustratesyeta^ In this embodiment 

thegermicidallam P 290canberemovedfrom m ehousing210bylining^ 
verticallyoutoftheho^ 

toaccessthegermicidalla J n P 290.m S tead,ahandle225isaffixedtoa 

thegermicidallamp290.1frehandle225islocatedonthetopsurface203ofthehousing210 

whenmelamp290iswitmnmehousin g 210simi,artothehandle212forremovingthese^ 

electrodes. To remove me lamp fixture and lamp 290, the handle 225 is pulled vertically out of m^ 

housing210.The.am P 290issimatedwitmnmehousin g 210inasimilarmannerto^ 

arrayofelectrodes240.Thati S tosay,thatwhenthelam P 290ispulledverticallyom 
surface 203 of the housing 210, the electrical circuit that provides power to the lamp 290 is 

dev 1 ce200off.Thissafetymechanismensuresthatthedevice200willnotoperatewithoutthe 
la mp 290placedsecurelyinthehousing210 ) preventinganindividualfromdireotlyvie^^^ 

radiation emitted from the lamp 290. Reinserting the lamp 290 into the housing 210 causes the 
lampfixturetobere-engagedwi^ 

convenientfashion,melam P 290isdesignedtoberemovedfrom^ 
Electrical Circuit for the. F Wtro-Kinetir. TW,V»- 

10101] Fi 8- 4Band 4Cdepictanelectricalschematicthatisswitchableforusewitha 
germicidal lamp system. 

10102] F ^ 4B -4CiHus lra teapref OT edembodi m e„ t „fa„elec,ricalblockdiag ra mfor 
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circuit 1 01 are an electromagnetic interference (EMI) filter 1 1 0, an electronic ballast 11 2, and a 
DCpowersupplyll4. The device 200 has anelectrical power cord that plugs into a common 
electrical wall socket. The (EMI) filter 110 is placed across the incoming 11 0VAC line to reduce 
and/oreumkateWghfre^ 

5 114 " Electronics 

orcontrol,meflowofcurrentthroughmelam P 290.Elec^ 

llOandelectronicballastinarewellknowninmeartanddonotrequiream^^^ 

TheDCPowerSupplyll4receivesmellOVACandoutputsl2VDCformeintemallogicofthe 
device 200, and 160VDC for the primary side of the transformer 116 (see Fig. 4C). 

10 [0103] AsseeninFig.4C,ahighvoltagepulsegeneratorl70iscoupledbetween the first 

electrodearray230andthesecondelectrodearray240.Thegeneratorl70receiveslowinput 
voltage, eg., 160VDC from DC power supply 114, and generates high 

voltagepulsesofatleastSKV^ 

thevoltagedoublerll8outputs9KV to the first array 230, and 18KV to the second array 240.' 
15 Itisw ^nmescopeofthepresentinventionforthevoltagedoublerll8toproduceagreate^ 
smallervoltage.ThepulsetrainoutputpreferablyhasadutycycIeofperhapslOo/c.butma^ 
otherdutycycles.includingalOOo/odutycycle.ThehighvoltagepulsegeneratorlTOmaybe 
implemented inm a nyways,andtypicallywilIcomprisealowvolta g econverteroscillatorl24 

operatingatperhaps20KH Z frequency,matoutputslowvoltagepulsestoanelectronicswi^ 
0 Such a switch is shown as an insulated gate bipolar transistor (IGBT) 1 26. The IGBT 1 26, or 
other appropriate switch, couples the low voltage pulses from the oscillator 124 to the input 
windingofastep-upt^^ 

tothevoltagedoublerll8,whichoutputsthehighvolta g epu.sestothefirstandsecondarrayof 
electrodes230,240.mgen^^ 

> transistor is well known in the art and does not require a further description. 

[0104] ^votagedoublerllgpi^^ 
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dutycycleoftheoutputvoltageofthegeneratornO.ThevoltagedoublerllSpreferablyalso 

includesapulsemodecomponent,controlledbytheboosttimerl28,totemporarilyprovidea 
burst of increased output ozone. 

101051 ™ eronv ^ CT °^ illator124 ^^ 
5 circuit 120,thepowersettingc^ 

200 is primarily controlled by Ae airflow modulating circuit 120 and the power setting 
Theairflowmodulafogc^^ 

120outputs anelectrical signal that modulates between a "low" airflow ^ 

signal. Theairflowmodulatingcircuitl20continuouslymodulates between these twosignals, 
10 Prefe^lyoutputtmg^ 

5 seconds. By way of example only, the "high" airflow signal causes the voltage doubler 118 to 
provide 9KV to the first array 230, while 1 8KV is provided to the second array 240, and the 
"low"airflowsignaI causes the voltage doubler 118 to provide 6KV to the first an-ay 230, while 
1 2KV is provided to the second array 240. As will be described later, the voltage difference 
15 be ^ eenth efirstandsecond^ 

agreatervoltagedifferentialiscreatedbetween the first and second array by the "high"airflow 
signal. It is within the scope of the present invention for the airflow modulating circuitHOto 
producedifferentvoltagediffere^tialsbetweenthefirstand 

components comprismg me Wgh voltage pulse generator 170 can ^fabricated on apr^^^ 
20 board mounted within housing 210. 

[0106] The power setting circuit 122 is a "macro-timing" circuit that can be set, by a 

controldial214(describedhereinafter),toaLOW,MED,orHIGHsetting.Thethreesettings 
determine how long the signal generated by the airflow modulating circuit 120 will drive the 
oscillator 1 24. When the control dial 21 4 is set to HIGH, the electrical signal output from the 
airflow modulating circuit 120, modulating between the high and low airflow signals, will 
continuously drive the connector oscillator 1 24. When the control dial 214 is set to MED, the 
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electrical signal output from the airflowmodulatingcircuitno 

for 25 seconds, and then drop to a zero or a lower voltage for 25 seconds. Thus, the airflow rate 

through thedevice200isslowerwhenthedial214issettoMEDthan when the control dial 214 
issettoHIGH. Whenmecontro^^ 

circuit 1 20 will cyclically drive the oscillator 124 for 25 seconds, and then drop to a zero or a 
lower voltage for 75 seconds. It is within the scope and spirit of the present invention for the 
fflGH, MED, and LOW settings to drive me oscil^ 

10107] ^ eboost timerl28sendsasignaltotheconverteroscillatorl24whentheboost 
button 2 1 6 is depressed. The boost timer 1 28 when activated, instructs the device 200 to run at 
amaximumairflowrateforaSminuteperiod. This maximum airflow rate preferably creates an 
airflow velocity higher than that created when the control dial 214 is set to HIGH. 
[0108] Fig.4C farther illustratessomeprefOTedt^ 

device 200. The device 200 has a 2 week timer 130 and an arc sensing circuit 132 that either 
15 shut sthedevice200completelyoff,orprovidesaremindertotheusertocleanthedevice200. 

Electrode Assembly with First and Second F.l^tmH^c- 

[0109] Having described various aspects of the invention in general, preferred 

embodimentsoftheelectrodeassembly220willnowbedescribed. The embodiments shown in 

Figs.5A-13Conlyillustateasmgleelectrodeassembly220.Aspreviouslymentioned,A^ 
200preferably includes two ele^^ 

unit200 will includeacombinationofanyormoretwoelectrode assemblies disclosed in Figs. 5 A- 
13C. 

25 Figs. 5A-5H 

[01 1 0] Figs. 5A-5H illustrate several configurations of the electrode assembly 220. As 



20 
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shown in Fig. 5 A, the output from high voltage pulse generator unit 170 is electronically connected 
to an electrode assembly 220 that comprises a first electrode array 230 and a second electrode 
array 240. Again, instead of arrays, single electrodes or single conductive surfaces can be 
substituted for one or both array 230 and array 240. 

[0111] In a preferred embodiment, the positive output terminal of unit 1 70 is electrically 

connected to first electrode array 230, and the negative output terminal is coupled to second 
electrode array 240. It is believed that with this arrangement the net polarity of the emitted ions 
is positive, e.g., more positive ions than negative ions are emitted. This coupling polarity has been 
found to work well, including minimizing unwanted audible electrode vibration or hum. However, 
while generation of positive ions is conducive to a relatively silent airflow, from a health standpoint, 
it is desired that the output airflow be richer in negative ions, not positive ions. It is noted that in 
some embodiments, one port (preferably the negative port) of the high voltage pulse generator 170 
can in fact be the ambient air. Thus, electrodes in the second array 240 need not be electrically 
connected to the high voltage pulse generator 1 70 using a wire. Nonetheless, there will be an 
"effective connection" between the second array electrodes 240 and one output port of the high 
voltage pulse generator 170, in this instance, via ambient air. Alternatively, the negative output 
terminal of unit 170 can be connected to the first electrode array 230 and the position output 
terminal can be connected to the second electrode array 240. 

[0112] With this arrangement an electrostatic flow of air is created, going from the first 

electrode array 230 towards the second electrode array 240. (This flow is denoted "OUT" in the 
figures.) Accordingly, electrode assembly 220 is mounted within transporter system 1 00 or 200 
such that second electrode array 240 is closer to the "OUT" vents and first electrode array 230 
is closer to the "IN" vents. 

[01 13] When voltage or pulses from high voltage pulse generator 170 are electrically 

connected across first and second electrode arrays 230 and 240, a plasma-like field is created 
surrounding electrodes 232 in first array 230. This electric field ionizes the ambient air between 
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the first and second electrode arrays and establishes an "OUT" airflow that moves towards the 
second array 240. It is understood that the "IN" flow enters via vents 104, or 204a and 204b, and 
that the "OUT" flow exits via vents 106, or 206a and 206b. 

(01 14] Ozone and ions are generated simultaneously by the first array electrodes 232, 

essentially as a function of the potential from generator 170 electrically connected to the first array 
of electrodes or conductive surfaces 230. Ozone generation can be increased or decreased by 
increasing or decreasing the potential at the first array 230. Electrically connecting an opposite 
polarity potential to the second array electrodes 242 essentially accelerates the motion of ions 
generated at the first array 230, producing the airflow denoted as "OUT" in the figures. As the ions 
and ionized particles move toward the second array 240, the ions and ionized particles push or 
move air molecules toward the second array 240. The relative velocity of this motion may be 
increased, by way of example, by decreasing the potential atthesecond array 240 relative to the 
potential at the first array 230. 

[0115J For example, if +10 KV were applied to the first array electrode(s) 232, and no 

potential were applied to the second array electrode(s) 242, a cloud of ions (whose net charge is 
positive) would form adjacent the first electrode array 230. Further, the relatively high 1 0 KV 
potential would generate substantial ozone. Byelectricallyconnectingarelativelynegativepotential 
to the second array electrode(s) 242, the velocity of the air mass moved by the net emitted ions 
increases. 

[0116] On the other hand, if it were desired to maintain the same effective outflow (OUT) 

velocity, but to generate less ozone, the exemplary 1 0 KV potential could be divided between thb 
electrode arrays. For example, generator 1 70 could provide +4 KV (or some other fraction) to 
the first array electrodes 232 and -6 KV (or some other fraction) to the second array electrodes 
242. In this example, it is understood that the +4 KV and the -6 KV are measured relative to 
ground. Understandably it is desired that the unit 100 or 200 operates to output appropriate 
amounts of ozone. Accordingly, the high voltage is preferably fractionalized with about +4 KV 
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applied to the first array electrodes 232 and about -6 KV applied to the second array electrodes 



242. 



[0117] fc teembodimentsofFig*5Aan^ 

array 230 of wire-shaped electrodes 232, and a second array 240 of generally "U"-shaped 
5 electrodes 242. Inpreferred embodiments, thenumber Nl of electrodes comprising the first array 
canpreferablydifferbyonerelativetothenumberN2ofelectrodescomprisingthe second array 
240.1nmanyofthe embodiments shown, N2>N1. However, if desired, additional first electrodes 
232couldbe added at the outer ends ofarray 230 such that N1>N2, e.g., five first electrodes 232 
compared to four second electrodes 242. 

10 [0118] Aspreviouslyindicated, first or emitter electrodes 232 are preferably lengths of 

tungsten wire, whereas electrodes 242 are formed from sheet metal, preferably stainless steel, 
although brassorothersheetmetal could be used. The sheet metal is readily configured todefine 
side regions 244 and bulbous nose region 246, forming the hollow, elongated "U"-shaped 
electrodes 242. While Fig. 5A depicts four electrodes 242 in second array 240 and three 
1 5 electrodes 232 in first array 230, as noted previously, other numbers of electrodes in each array 
could be used, preferably retaining a symmetrically staggered configuration as shown. It is seen 
inFig.5Athatwhileparticulate matter 60 is present in the incoming (IN) air, the outflow (OUT) 
air is substantially devoidofparticulatematter, which adheres to the preferably large surface area 
provided by the side regions 244 of the second array electrodes 242. 
20 [0119] Fig. 5B illustrates thatmespaced-apart configuration between the first and second 

arrays 230, 240 is staggered. Preferably, each first array electrode 232 is substantially equidistant 
from two second array electrodes 242. This symmetrical staggering has been found to be an 
efficient electrode placement. Preferably, in this embodiment, the staggering geometry is 
symmetrical in that adjacent electrodes 232 or adjacent electrodes 242 are spaced-apart a 
constant distance, Yl and Y2 respectively. However, a non-symmetrical configuration could also 
be used. Also,itisunderstood that the number ofelectrodes 232 and 242 may differ from what 
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is shown. 



[0120] I„ lhe embodiment of Figs. 5A and 5B, typically dimensions are as follows- 

diameterof electrodes 232, Rl, is about 0.08 mm, distances Yl and Y2 are each about 16mm 

d,s^ceX1isabc U ,16 m m,dista„ccLisabo U( 20n™,andelect ro deheightsZlandZ2areeach 
about . m. The width W of decodes 242 is preferably about 4 mm, and the thicbtess of the 
™<^^wWche.ectrodes242a re ^^^ 

shapescouIdbeused.Forexample,prcfencddimc„si„„sfordistanceXlmayvarybetwee„ 12 . 

3Onuu,andd K dis,a„ccY2mayvar y betweenl5-30m m .I t isprefe rt edma,elccUodes232h a ve 
^'a^.Awirehavinga^alldi^ 

ah.ghemissivity.Bothcharacteristicsarebeneficialforgcncratingious.Atmesamcimci.is 
desned that electrodes 232 (as well as electrodes 242) be sufficiently robust to withstand 
occasional cleaning. 

10121] El ^es232mfolanay230ateelecbonicallyconnec,ed,oafi re ,(p r eferably 

pos,„ve)ou t p Ut por,ofhighv„l ( agepul S egene ra torl70byaconduc 1 or234.Elec,m<les242in 
^°"°™y"0areelec,ricullyc„„nec^ 

vo.,agegenera,or 1 70byaco„duc«or249.Theelec, K ,desmaybee.ec,ricallycon„ec, ai ,o,he 

conduc«ors234„r249a.various locations. Bywayofcxampleonly.Fig.SBdepictsconduclor 

249 maktng connection with some electrodes 242 internal to bulbous end 246, while other 

electees 242 make electrical connection to conductor 249 elsewhere on the electrode 242 

ElecWcalcotmectiontotnevariousd^^^ 

surface^vidednosubt^tialmtpa^ 

found to be preferable that the connection is internal. 

10122] !"*i^ndtheotherembc<limentstobedescribedherei„,io„izati„„appcars,o 

occura«meelechtxlca232i„mefirs.e| Ktro dea m y230,wimo z „„e pr oduc,i„„occuningasa 
ftaonofNgb voicing Forexan^^^^ 

duo-cycleofmepulsesfromthehighvotogepulsegeneratornocanmcreaaeozonecontentin 
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theoutputflowofion^^ 

vaxyozonecontentbyvaryingamplitudeand/ordutycycle.Specificci^ 
control is known in the art and need not be described in detail herein. 

[0123] Notethe ^lusioninFigs.5Aand5BofatleastoneoutputcontroIlingelectrode 
5 ^'P^blyelectrieallyeonnectedtothesamepotentialasthese 

Electrode243preferablydefinesapointedshapeinsideprofile,e.g.,atriangle.Thesharp 
onelectrodes243 C ausesgenerationo^^ 

cor.eetedtoarelativelynegativelnghpotentiaO.Thesenegativeionsneu^ 

ionsotherwisepresentintheoutputairflow,suchthatthe"OUT»flowhasane^ 

10 E ^trodes243i S preferably S tainlesssteeI ) co P per ) orothereonductor m ateriaUndis P erh 

20 mm high and about 1 2 mm wide at the base. The inclusion of one electrode 243 has been 

foundsufficienttoprovideasufficien^^ 

may be included. 

10124] fo the embodiments of Figs. 5A, 5B and 5C, each "IT-shaped electrode 242 has 

15 ^traiKng S urfa<*ors^^ 

airandozone.FortheembodimentofFig.SQthereistheinclusiononatleastoneportionofa 
trailingedgeofapointedelectroderegion243'.Electroderegion243'hel P spromoteoutputof 

negativeionsjnthesamefashionthatwaspreviouslydescribedwimrespecttoelec^ 
as shown in Figs. 5A and 5B. 

20 [0125[ fcFi 8- 5C ^thefigurestofolIowjheparticulatematterisomittedfo^ 
illustration.However,f^ 

theincomingair,and will be substantially absent from the outgoing air. As has been described 
particulate matter 60 typically will be electrostatically precipitated upon the surface area of 
electrodes 242. 

25 [0126] Asdis ^edab<>veand^ 

onanelectrodearrayelectricalconnectionismade.Thus,firstarrayelectrodes232areshown 
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electricallyconne^^ 

electrodes242areshownelectricallyconnected together in their middle regions by the conductor 
249.Both arrays maybe connected together in more than one region, e.g., at the top and at the 
bottom. Itispreferred that the wire or strips or omer inter-connecting mechanisms be at the top, 
5 bott ™>°r P eripheryof^^ 

movement through the housing 210. 

[0127] Itisnotea ^theembodimentsofFigs.5Cand5Dde P ict S omewhattruncated 
versionsofthesecondelectrodes242. Whereas dimensionLin the embodiment ofFigs. 5 A and 

5 Bwasabout20mm,inFigs.5Cand5D,Lhasbeenshortenedtoabout8mm. Other dimensions 
10 inFi g- 5 CpreferabIy^ 

conf lg urationofsecondeIectrodearTay240inFi g .5Ccanbemorerobustma^ 

ofFigs.5Aa J1 d5B,byvi rt ueofmeshortertrailmged g egeometry.A S no 

staggeredgeometryforthef^^^ 

Fig. 5C. 

15 [0128] Inthe ^bodimentofFig.5D,theoutermostsecondelectrodes,denoted242-l 
and242-4,havesubstantiallynooutermostt ra ilingedges.DimensionLinFig.5Dispreferab^^ 
about 3 mm, and other dimensions may be as stated for the configuration ofFigs. 5A and 5B. 
Again, the ratio of the radius or surface areas between the first electrode 232 and the second 
electrodes 242 for the embodiment of Fig. 5D preferably exceeds about 20:1. 
20 [0129J Fi ^5Eaiid5Fdepictanom^ 

thefir S telectrodearray230comprisesasmglewireelectrode232,and^ 
240 comprises a single pair of curved "IAshaped electrodes 242, in cross-section. Typical 
dimensions, where different than what has been stated for earlier-described embodiments, are XI 
" 12 ™.™-5mm,andL10n m .Tl™^ 

than about 20: 1 . The fewer electrodes comprising assembly 220 in Figs. 5E and 5F promote 
economyofconstmction,andeaseofcleaning,althoughmorethanoneelectrode232,andmore 
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thantwoe.ectrodes242™ 

the staggered symmetry described earlier, in whieh electrode 232 is equidistant from two 

electrodes242.0merg^ 

and scope of the invention. 

10130] Fi 8 s - 5 G-5HilIustratematthesecondelectrode S 242mayhaveangled,Z-shap 
or other corrugated extensions or sections 294. These electrodes can also be hollow. Preferably, 

thetailexten S ion294isanon-linearconf,guration,havinganeffectivewidm 

width W (see Fig. 5B) of the second electrode 242. The extensions 294 enhance the particle 

captureefficiencyo^^ 

larger)tend to have theirown significant forward momentum in the air stream. A"U"-shaped 
secondelectrode242w^ 

alargerparticletopass through the electrode assembly 220 uncaptured. The momentum of the 
P articlemaypreventitfromcontactingthetrailingedges244ofthesecondelectrode242.The 
increased width Wofthe angled extension 246 is intended to capture the larger particles. For 
example, if the larger particle passes by the trailing side 244 of the second electrode 242 
uncaptured, but theparticleis within Wofthe trailing sides 244, the particle will be captured by 
the extension 294. It is within the spirit and scope of the invention for the extension 294 to 
comprise other non-linear shapes and configurations such as, but not limited to, a "U"-shape, an 
'l/'-sha P e,a'^shape,orashape^ 

positioned atanangletotheupstreamportion,anda S hapewithatailsectionthatiswiderinthe 
downstream portion than the upstream, leading, or nose portion. 

[0131] In Fig. 5G all tail sections 294 are parallel and point in the same direction. 

Alternatively, the tail sections 256 can be configured to diverge in order to form a "V" or "Y" 
configured adjacent to the outlet vents. Thus, in Fig. 5H the upper two tail sections 294 are 
configured to point upwardly on the page while the lower two tail sections remain pointing 
downward. 
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[0132] Fi ^ 5G -5Halsoshowthatma^ 
canbean-angedinanon-equidistantan-angementrelativetothe^ 

and5H,the m iddletwosecondelectrode S 243-2and2420arerecessedbackfortherfromth^ 
firstelectrodearray 230 than the outer electrode 242-1 and 242-4. This arrangement can give 
5 better airflowthroughtheiongeneratingunit220.Itiswithin^ 

for all the embodiments shown in Figs. 5A-13C to incorporate this feature. 
[0133] Figs. 5I-5J illustrate a second array of electrodes 240 where each second 

electrode 242 has a tail section 276 that is wider than thenose 246. The trailing sides 244 angle 
outward from thenose246 as thesides244 extend downstream. Overall, the electrode 242 is 
10 te ^'°Por"V"shapedwi^ 

embodiment ^ or collects particles m a siinilar fashion as the el^^ 
Ingeneralthela^^ 

gouncollectedbyatlunnersecondelectrode242(see ) forexample,Fig.5A).A^ 
thefiguresmenoseismundedandsubstantiallysmallerman^ 
1 5 electrode 242. The nose is rounded so that it does not become an emitter as are the first 
electrodes. Further the nose has a radius that is larger than the radius of the first electrode, 
preferably fifteen times larger. 

[0134] Assh owninFigs.5Iand5J,thesecondelectrode242ishollow.Itiswithin^ 
scope and spirit of the invention for the electrode 242 to be a solid object. 
20 [01 35] As shown in Fig. 5 J, the tail section 296 must not be so wide that the airflow 

passingbetweenmeseconde^ 

or 200. Accordingly, and in a preferred embodiment, the distance between second electrodes, 
shown as Y2, is slightly larger in this embodiment. 
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Electrode Assembly With an Upstream Focus F Wt™H P - 
Figs. 6A-6B 

10136] The embodiments illustrated in Figs. 6A-6B are somewhat similarto the previously 

described embodiments in Figs. 5A-5B. The electrode assembly 220 includes a first array of 
5 electrodes 230 and a second array of electrodes 240. Again, for this and the other embodiments, 
the term "array of electrodes" may refer to a single electrode or a plurality of electrodes. 
Preferably, the number of electrodes 232 in the first array of electrodes 230 will differ by one 

relativetomenumberofelectrodes242inthesecondarrayofelectrodes240.ThedistancesL, 
XI, Y1,Y2,Z1 and Z2 fortius embodiment are similar to those previously described in Fig. 5 A. 
1 0 [0137] As shown in Fig. 6 A, the electrode assembly 220 preferably adds a third, or 

leading, or focus, or directional electrode 224a, 224b, 224c (generally referred to as "electrode 
224") upstream of each first electrode 232-1 , 232-2, 232-3. The focus electrode 224 produces 
an enhanced airflow velocity exiting the devices 100 or 200. In general, the third focus electrode 
224 directs the airflow, and ions generated by the first electrode 232, towards the second 
electrodes 242. Each third focus electrode 224 is a distance X2 upstream from at least one of the 

firstelectrodes232.ThedistanceX2ispreferably5-6mm,orfourtofivediameter S ofme 
electrode224. However, the third focus electrode 224 maybe further from, orcloser to, the first 
electrode 232. 

[0138] ™ et Wri focus electrxx^^ ^ 

tWrdfociiselectrode224mayalsocompriseomershapesmatpreferablydonotcont^ 
edges. The thirdfocus electrode 224 is preferablymanufactiu-ed from material that will not erode 
oroxidize,suchas stainless steel. The diameter ofthe third focus electrode 224, in a preferred 
embodiment, is at least fifteen times greater than the diameter ofthe first electrode 232. However, 
the diameter ofthe toirdfo^ 
focuselectrode224ispreferably^^ 

as an ion emitting surface when electrically connected to the high voltage generator 1 70. The 
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maximum ^ameter ofthe third focus electrode 224 is somewhat constrained. As th^ 
*<^thethirdfocusel^^ 

100or200.Therefore,thediameterofthethirdelectrode224i S balancedbetweenthenee^ 
form a non-ion emitting surface and airflow properties of the unit 100 or 200. 

101391 *» 3 Preferred emb °di™nt, each third focus electrodes 224 is electrically 

connected to the first array 230 and the high voltagegenerator 170 by the conductor 234. As 
showninFig.6A,methirdfocu^^ 

outletofthehi g hvolta g e g eneratorl70asthefxrstarra y 230. Accordingly, the first electrode 232 
andthemirdfocus elects 

generated by the third focus electrode 224 and the first electrode 232 are both positive, the 
positivefieldgeneratedbyme^^ 
fieldgeneratedbymefirstelec^^ 

fieldgeneratedbythethirdfocuselectrode224awillpush,orrepel,ordirect,mepositive 
generatedbythefirstele^ 

electrode224 shapes the electrical field generated by each electrode 232 in the first array230 
This shaping effect is beheved to decrease the amount of ozone generated by the electrode 
assembly 220 and increases the airflow of the units 100 and 200. 
[0140] ™ e P^leswithmtheairflow^ 
fix* electrode232. Asp^^ 

negativelychargedsecondelectrodes242.Thetlurdfocuselec^ 

towaxdsmesecondelectrodes242byguidingmechar g edparticlestowards^ 
of each second electrode 242. It is believed that the airflow will travel around the third focus 
electxode224,pa^^^ 
rate of the electrode assembly 220. 
25 [0141] ™ e ^f°cuselectnxie224m 

first electrode 232. By way of example only, a third focus electrode 224b is located directly 
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upstreamofthefirstelectrode232-2so that the center of the third focus electrode 224b is in-line 
and symmetricallyaligned with the first electrode 232-2, as shown byextension line B. Extension 
line Bis located midway between the second electrode 242-2 and the second electrode 242-3. 
[0142] Altemat ively,atWrdfocuselectrode224mayalsobelocatedatan^ 
5 tothe fi^lectrode232. ^ 

the first electrode 232-1 along a line extending from the middle of the nose 246 of the second 

electrode242-2tliroughmecenterofmefirstelectrode232-l,a S show^ 

third focus electrode 224a is in-line and symmetrically aligned with the first electrode 232-1 along 

ext ^ionlmeASimilarly,^^ 

10 alon galineextendingfrommem^^ 

firsteIectrode232-3,asshownbyextensionlineC. The third focus electrode 224c is in-line and 
symmetricallyaligned wim me first electrode 232-3 along extension line C. It is witlu^ 
ofmepresentinventionfor^ 

arebomdkectlyupstreamandatanangletomefirstelectrodes232,asdepicted 
15 the focus electrodes 224 fan out in relation to the first array of electrodes 230. 

[0143] Fi & 6Bill ^tesmatanelecu-odeassembly220maycontainmultipleuifr^ 
electrodes 224 upstream of each first electrode 232. By way of example only, the third focus 
electiode224a2 ism-line^ 

by extension line A. In apreferred embodiment, only the third focus electrodes 224al, 224bl, 
20 224cl areelectricaUy^^ 

notallofmetlurdelecfrodes224areatmesameoperatingpotential.m 
mFig.6B,metlurdfocuselecfrodes224al,224bl,224clareatthesameelectrical^^ 
the first electrodes 232, while the third focus electrodes 224a2, 224b2, 224c2 are floating. 
Alternatively, the third focus electrodes 224a2, 224b2 and 224c2 maybe electrically connected 
25 to the high voltage generator 1 70 by the conductor 234. 

[01 44] Fig. 6B illustrates that each second electrode 242 may also have a protective end 
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241 . In the previous embodiments, each "IT-shaped second electrode 242 has an open end. 
Ty P ically,theendofeachtrailingsideorsidewall244contam SS harpedges.The 
trailing S idesorsidewalls244 > and the sharp edges at the end ofthe trailing sides or side walls 
244,genmteunwantededdycur^ 

from the outlet towards the inlet, which slow down the airflow rate ofthe units 100 or 200. 
10145] ha P refOT edembodim^^ 

metrailingsidesorsidewalls244inwardandpressmgmemtogether,form 

end with no gap between the trailing sides or side walls of each second electrode 242. 

Accordingly,mesidewallshaveoutersurfaces,andtheoutersurfaceofendofthe^ 

bentbackinwardstowardsmenose246,adjacenttothetrailingendsofthesidewallssothatthe 

outer surfaceoftheside walls are adjacent to, or face, or touch each other. Preferably, a smooth 

trailingedgeismtegrallyformedonmesecondelectrode242.IfdesiredJ 

memventiontospotweldtheroundedendstogemeralongmelengthof^ 

Itisal S owithinmesco P eofmepre S entinventiontoformtheprotectiveend241^ 

sucha S ,butnotlimitedto,placinga S trapofpla S ticacrosseachendofthetrailingsides244for 
thefulllengthofthesecondelectrode242.TT a eroundedor capped end is an improvement over 
mepreviouseIec fr odes242wita^ 

sides 244reducesoreliminat^^ 

withanopenend.Theroundedprotectiveend241alsopr 0 videsasmoothsurfaceforpurpose 

ofcleamngmesecondelectrode.Accordingly,inthisemboa^ent^ 

a one-piece, integrally formed, electrode with a protection end 241. 

Figs.7A-7D 

[0146] Fi g- 7Ai »^tratesanelectrodea S sembly220includinganrstarrayo^ 
230 having three wire-shaped first electrodes 232-1, 232-2, 232-3 (generally referred to as 
" e, ^ de2 32'%andase^ 
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242-1, 242-2, 242-3, 242-4 (generally referred to as "electrode 242"). Each first electrode 232 

is electrically connected to the high voltage generator 1 70 at the bottom region, whereas each 

secondelectrode242iselec^ 

illustratethatthefir^^ 

locations. 

[0147] ^ esec ondelectrode242inFig.7Aisasimilarversionofthesecondelectrode 
242 shown in Fig. 5C. The distance L has been shortened to about 8mm, while the other 
dimensions XI, Yl, Y2, Zl , Z2 are similar to those shown in Fig. 5 A. 
[0148] Atedle ^n&orfocus,e^^ 

232. The innermost third focus electrode 224b is located directly upstream of the fii^t electrode 
232-2, as shown by extension line B. Extension line B is located midway between the second 
electrodes 242-2,242-3. The third focus electrodes 224a, 224c are at an angle with respect to 
thefirsteIectrodes232-l,232-3.Forexample,thethirdfocuselectrode224aisu P streamtothe 
first electrode 232-1 along a lme extending from me niiddleofme nose 246 of me second elec^ 

242-2extendmgtliroughmecenterofmefirstelectrode232-l,asshownbye^ 
tWrdelecfrode224cisloca^^ 

thecenterofthenose246ofmese^ 

232-3, as shown by extension line C. Accordingly, and preferably, the focus electrodes 242 fan 

out in relation to the first electrodes 232 as an aid for directing the flow of ions and charged 

parfcles.Fig.7Billusfra^ 

to the high voltage generator 170 by conductor 234. 

[0149] Fig. 7C illustrates that a pair of third focus electrodes 224 may be located 

upsfreamofeachfirstele^^ 

and symmetrically aligned with each other. For example, the tWrd focus electrode 224a2 is in-line 
and symmetrically aligned with the third focus electrode 224al , along extension line A. As 
previouslymentioned,prefe^ 
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connected to the high voltage generator 1 70 by conductor 234. It is also within the scope of the 
present invention to have none or all of the third focus electrodes 224 electrically connected to the 
high voltage generator 170. 

[01 50] Fig. 7D illustrates third focus electrodes 224 added to the electrode assembly 220 

shown in Fig. 5D. Preferably, a third focus electrode 224 is located upstream of each first 
electrode 232. For example, the third focus electrode 224b is in-line and symmetrically aligned 
with the first electrode 232-2, as shown by extension line B. Extension line B is located midway 
between the second electrodes 242-2, 242-3. The third focus electrode 224a is in-line and 
symmetrically aligned with the first electrode 232-1 , as shown by extension line A. Similarly, the 
third electrode 224c is in-line and symmetrically aligned with the first electrode 232-3, as shown 
by extension line C. Extension lines A-C extend from the middle of the nose 246 of the "U"- 
shaped second electrodes 242-2, 242-3 through the first electrodes 232-1 , 232-3, respectively. 
In a preferred embodiment, the third electrodes 224a, 224b, 224c are electrically connected to 
the high voltage generator 1 70 by the conductor 234. This embodiment may also include a pair 
of third focus electrodes 224 upstream of each first electrode 232, as is depicted in Fig. 7C. 

Figs. 8A-8C 

[0151] Figs. 8A-8C illustrate that the electrode assembly 220 shown in Fig. 5E may 

include a third focus electrode 224 upstream of the first array of electrodes 230. Preferably, the 
center of the third focus electrode 224 is in-line and symmetrically aligned with the center of the 
first electrode 232, as shown by extension line B. Extension line B is located midway between the 
second electrodes 242. The distances X 1 , X2, Yl , Y2, Zl and Z2 are similar to the embodiments 
previously described. The first electrode 232 and the second electrode 242 maybe electrically 
connected to the high voltage generator 1 70 by conductor 234, 249 respectively. It is within the 
scope of the present invention to connect the first and second electrodes to opposite ends of the 
high voltage generator 1 70 (e.g., the first electrode 232 may be negatively charged and the second 
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electrode 242 may be positively charged). In a preferred embodiment the third focus electrode 
224 is also electrically connected to the high voltage generator 170. 
[0152] Fig. 8B illustrates that apairofthirdfocuselectrodes224a,224bmaybelocated 

upstream ofthe first electrode 232. The third focus electrodes 224a, 224b are in-line and 
5 s ^ et ricaHyahgnedw^ 

is located midway between the second electrodes 242. Preferably, the third focus electrode 224b 
isupstreamofthirdfocuselectrode224aadistance equal to the diameter ofa third focus electrode 
224. In a preferred embodiment, only the third focus electrode 224a is electrically connected to 
thehigh voltage generator 170. It is witmntJre scope of me present invention to e^ 
1 0 both third focus electrodes 224a, 224b to the high voltage generator 1 70. 

[0153] Fig. 8C illustrates that each third focus electrode 224 maybe located at an angle 

with respect to the first electrode 232. Similar to the previous embodiments, the third focus 
electrode 224al and 224bl is located a distance X2 upstream from the first electrode 232. By 
wayofexampleonly,thethirdfocuselectrodes224al,224a2 are located along a line extending 
from themiddleofthesecond electrode 242-2 through the center ofthe first electrode 232, as 
shownbyextensionhneA. The third focus electrode 224a2 is in-line and symmetrically aligned 
with the thirdfocus electrode 224al along extension line A. Similarly, the third focus electrodes 

224bl,224b2arealongalineextendingfromthemiddleofthesecondelectrode242-l through 
the middle ofthe first electrode 232, as shown by extension line B. The third focus electrode 
224b2is in lineand symmetrically aligned wim me third focirs electrode 224bl along extension r^^ 
B. The third focus electrodes 224 are fanned out and form a "V" pattern upstream of first 
electrode232. In a preferred embodiment, onlythe third focus electrodes 224al and224bl are 
electricallyconnected to the high voltage generator 170 by conductor 234. It is within the scope 
ofthe invention to electrically connect the third focus electrodes 224a and 224b2 to the high 
25 voltage generator 1 70. 



15 



20 



Attorney Docket No.: SHPR-0 1 04 1 USS SRM/SDS 
ssanford/shpr/1 04 1 uss/1 04 1 usS.application.wpd 



Express Mail No.: EL670725498US 



10 



-47- 

Figs. 9A-9C 

[0154] Thepreviously described embodiments of the electrode assembly 220 disclose a 

rod-shaped third focus electrode 224 upstream of each first electrode 232. Fig. 9A illustrates an 
aItemativecomigu ra tionforthethirdfocuselectrode224.By 

assembly 220 may include a "IT-shaped or possibly "C"-shaped third focus electrode 224 
up S treamofeachfirstelectrode232.Furmer,methirdfocu^ 
configurations suchas,but not limited to, circular-shape^ 

and other concave shapes facing the first electrode 232. In a preferred embodiment, the third 
focus electrode 224 has holes 225 extending through, forming a perforated surface to minimize the 
resistanceofthethirdfocus electrode 224 on the airflowrate. Further in other embodiments the 
"U"-shaped third focus electrode 224 can be made of a screen or a mesh. 
[0155J to a P refen ^emboamen^ 

totheWghvoltagegeneratorl70byconductor234.Thethirdfocuselectrode224inFig.9Ais 
preferablynotanionemittingsurface.Similarto previous embodiments, the third focus electrode 
224 generates a positive electric field and pu^ 

electrode232 towards thesecond array 240. Fig. 9B illustrates that a perforated «U"-shaped or 
X"shapedtWrdfocuselectrode224 
in Fig. 5A. 

[0156] Fi 8- 9 CiHustratesthirdfocuselectrodes224similartothosed^^^ 
exceptthatthethirdf^^ 

to thefirstelectrodes232inordertofocusanddirectthefieldofions and airflow fromthe first 
electrode232 toward thesecond electrode242. These third focus electrodes 224 shown inFigs. 
9A-9C are located along extension lines A, B,C similar to previously described embodiments. 

25 Figs. 10A-10r 

[0157] Fig. 10Aillustratesapin-ringconfigurationoftheelectrodeassembly220. The 
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electrode assembly 220 contains a cone-shaped or triangular-shaped first electrode 232 
a ring-shaped second electrode 242 downstream of the first electrode 232, and a third focus 
electrode 250 upstream of the first electrode 232. In a preferred embodiment, the third focus 
electrode250iselec^ 

focuselectrode250canhaveafloatingpotential.Asindicatedbyphantomelement S 232',242' 
theelectrodeassembly220can^^ 

pluraliryofpin-ringconfigurationsasdepictedmFigJOAcanbepositionedoneabovetheo 

alongmeelon g atedhousingoftheinvention.Suchap,uralityofp^ 

courseoperatemanomeremb^imentwimoutme^ 

thispluralityofpin-ringconfigurationscanbeupstandingandelongatedalongtheelongated 
directionofsaidhousingandcanreplace the first and second electrodes shown, for example, in 

Fig. 2B ) andberemovablemuchasthe S econdelectrodeinFig2Bisremovable. Preferably, uhe 
firstelectrode232is^^ 

formeembodimentofFi g .10Aa^ 

the diameter of the opening 246=12millimeters. 

[0158] The electrical properties and characteristics of the third focus electrode 250 is 

similartometmrdfocuselectrode224de S cribedmprevious 

shapedphysicalcharacteristicofthepreviousembodimentMheshapethethirdfoc^^ 

250i S adisc,withtheconcavesurfacepreferablyfacingtowardthesecondelectrode The 
tlnrdfocuselectrode250^^^ 

m airflow. It is within the scope of the present invention for the third focus electrode 250 to 

compriseomershapessuchas^^^ 

orofoerconvexorconcaveshape^ 

andscopeoftheinvention.Thediameterofmethirdfocuselectrode250ispreferablyatleas^ 
fifteen times greater than the diameter of the first electrode 232. 

10159] The second electrode 242 has an opening 246. The opening 246 is preferably 
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circular in this embodiment. It is within the scope ofme present invention that me opening 246 can 
compriseomershapessuchas^^ 

electiode242hasacollar 247 (see Fig. 1 OB) surrounding me operring 246. The collar 247 atm^^ 

medustcontamedwithmmeairstreampassmgtliroughm^ 

emitted by the electrode assembly 220 has a reduced dust content. 

[0160] Othersimilarpin-ringembodimentsareshowninFigs. 10B-10C. Forexample, 

thefirstelectrode232maycomprisearod-shapedelectrodehavingataperedend.InFig.10B, 
a detailed cross-sectional view of the central portion of the second electrode 242 in Fig. 1 OA is 

shown. Preferably,thecollar247ispositionedinreIationto the first electrode 232, such that the 

ionizationpamsfrommedistaltipofthefirstelectrode232tothecollar247havesubstantian V 
equal path lengths. Thus, while the distal tip (or emitting tip) of the first electrode 232 is 
advantageouslysmalltocon^^ 

242 preferably provide many equidistant inter-electrode paths. The lines drawn in phantom in Figs. 
10B and lOCdepict theoretical electric forcefield lines emanating from the first electrode 232 and 
tenuinatingonthecurvedsurfaceofthesecondelectrode242.Preferabl y ,thebulkofthefield 

emanates within about 45 degrees ofcoaxial axis between the first electrode 232 and the second 
electrode 242. 

[0161] mFi 8 1( >C,oneormorefirstelectrodes232arereplacedbyaconductiveblock 
232"ofcarbonfibers,theblockhavingadistal surface in whichprojecting fibers 233-1,. ..233-N 
take on the appearance of a "bed of nails." The projecting fibers can each act as an emitter 
elecfrodeandprovideaplural^ 

electrodes will hterallybe consumed, where upon me block 232" maybe replaced. 
thangraplutemaybeusedforblock232>rovidmgmatmematerialh^ 
conductive fibers such as 233-N. 
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Electrode Assembly W ith a Downstream Trailing Electrode: 
Figs. 11A-11D 

[0162J Figs. 1 lA-HCilIustrateanelectrodeassembly220havinganarrayoftrailing 

electrodes 245 added to an electrode assembly 220 similar to that shown in Fig. 8A. It is 
understood that an alternative embodiment similar to Fig. 1 1 A can include a trailing electrode or 
electrodes 245 without any focus electrodes 224 and be within the spirit and scope of the 
inventions. Referring now to Figs. 1 lA-HB,eachtrailingelectrode 245 is located downstream 
of the second array of electrodes 240. Preferably, the trailing electrodes 245 are located 
downstream from the second electrodes 242 by at least three times the radius R2 (see Fig. 1 IB). 
Further, the trailing electrodes 245 are preferably directly downstream of each second electrode 
242 so as not to interfere with the flow of air. Also, the trailing electrode 245 is aerodynamically 
smooth, for example, circular, elliptical, or teardrops shaped in cross-section so as not to unduly 
interfere with the smoothness of the airflow thereby. In a preferred embodiment, the trailing 
electrodes 245 are electrically connected to the same outlet of the high voltage generator 1 70 as 
the second array of electrodes 240. As shown in Fig. 1 1 A, the second electrodes 242 and the 
trailing electrodes 245 have a negative electrical charge. This arrangement can introduce more 
negative charges into the air stream. Alternatively, the trailing electrodes 245 may have a floating 
potential and not be electrically connected to the high voltage generator 1 70. The trailing electrode 
can also be grounded in other embodiments. Further, alternatively as shown in Fig. 1 ID, the 
trailing electrode 245 can be formed with the second electrode out of a sheet of metal formed in 
the shape of the second electrode and then extending to the position of the trailing electrode and 
formed as ahollow trailing electrode with aperipheral wall that is about the shape of the outer 
surface of the trailing electrode 245 depicted in Fig. 1 1C. 

|01 63] When the trailing electrodes 245 are electrically connected to the high voltage 

generator 1 70, the positively charged particles within the airflow are also attracted to and collect 
on, the trailing electrodes 245. In an electrode assembly with no trailing electrode 245, most of 
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the particles will collect on the surface area of the second electrodes 242. However, some 
particles will pass through the unit 200 without being collected by the second electrodes 242. The 
trailing electrodes 245 serve as a second surface area to collect the positively charged particles. 
The trailing electrodes 245 may also deflect charged particles toward the second electrodes 242. 
[0164] ™ e ^ lm gelectrodes245prefei^^^ 

the airflow. These negative ions will neutralize the positive ions emitted by the first electrodes 232. 
If the positive ions emitted by the first electrodes 232 are not neutralized before the airflow reaches 
meoutlet260,meoutletfins212maybecomeelectricallychajgedandparticlesw^ 
may tend to stick to the fins 212. If this occurs, the amount of particles collected by the fins 212 
will eventually block or minimize the airflow exiting the unit 100 or 200. 
101 65] Fig. 1 1 C illustrates another embodiment of the electrode assembly 200, with 

trailing electrodes 245 added to an embodiment similar to that shown in Fig. 8C. The trailing 
electrodes 245 are located downstream of the second array 240 similar to the previously described 
embodiments above. It is within the scope of the present invention to electrically connect the 
trailing electrodes 245 to the high voltage generator 170. As shown in Fig. 1 1 C, all of the third 
focus electrodes 224 are electrically connected to the high voltage generator 1 70. In a preferred 
embodiment, only the third focus electrodes 224al, 224bl are electrically connected to the high 
voltagegeneratorl70,andthethirdfocuselectrodes224a2,224b2haveafloatingpotential. 

20 Electrode Assemblies With Various Combinations ofF o cus Electrode Ta iling Electrode. a nH 
Enhanced Second Electrodes With Protective Ends- 
Figs. 12A-12D 

[0166] Fig. 1 2A illustrates an electrode assembly 220 that includes a first array of 

electrodes 230 having two wire-shaped electrodes 232-1, 232-2 (generally referred to as 
"electrode 232") and a second array of electrodes 240 having three "U"-shaped electrodes 242-1 , 
242-2, 242-3 (generally referred to as "electrode 242"). This configuration is in contrast to, for 
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example, theconfigurationsofFig.lOA, wherein there are three first emitter electrodes 232 and 
four second collector electrodes 242. 

10167] U P sfre ^fromeachfirsteIectrode232,atadistanceX2Jsathird 

224. Each third focus electrode 224a, 224b (generally referred to as "electrode 224") is at an 

angle with respect to a first electrode 232. For example, the third focus electrode 224a is 

preferablyalongalineextendingfrommemiddleofthenose246ofthesecondelecttode242^^ 
through the center of the first electrode 232-1, as shown by extension line A. The third focus 
electtode224aisin-lineands^^ 
ImeASinularlytheM 

nose246ofthesecondelectrode242.2throughthecenterofthefusteleetrode232-2,a SS how. 
byextensionlineB.The^ 

electtode232-2alongextens^ 

electto<le224is P refe ra blyatleastfifteentimes greater than me diameter ofthe first electrode 232. 
10168) As shown in Fig. 12A, and similar to the embodiment shown in Fig. 6B, each 

secondelecttodeprefe^ 

electrodes 224 are electrically connected to the high voltage generator 170 (not shown). It is 

withmmespmtandscopeofmemventiontonotelecmeal^ 

to the high voltage generator 170. 

[0169] Fig. 12B illustrates that multiple third focus electrodes 224 may be located 

upstteamofeachfirst^^^ 

Asymmetrically^ 

methirdfocuselecttode224b2isin-lineandsymmetricallyaligne^ 
242blalongextensionlineB.Itisw^^ 

all,ornoneof,thethirdfocuselectrodes224tothelugh-voltagegeneratorl70.ma 

embodiment,onlythethirdfocuseleetrodes224al,224blareelecmcallyconnectedtomeW 

volt a gegeneratorl70,withthethirdfocu S electtodes224a2,224b2havinga fl oating P otenfi 
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10170] Fig. 12Cillustratesthattheelectrodeasse m bly220showninFig. 12Amayalso 

includeatrailingel^ 

245isin-lbewiththesecondelectrodesoasnottointerfe re withaM^^ 

242. Each trailing electrode 245 is preferably located a distance downstream of each second 

5 elecfro de242equaltoatleastthreeti m esthewidthWofthesecondelectrode242.Itisw^ 

the scope of the present invention for the trailing electrode to by located at other distances 

downstream, diameter ofthe trailing anode 245 is preferablyno greater man the width W of 

thesecondelectrode242to.imitmeinterferenceoftheairflowtrailingoff^^^ 
242. 

10 [0171] Onea S pectofthetrailin g electrode245istodirecttheairtrailingofrthesecond 
electrode242and P rovideamore^^^ 

trailinge,ectrode245i^ 

particles within theairflow. As shown in Fig. 12C, each trailing electrode 245 is electrically 
connected to a second electrode 242 by a conductor 248. Since the second electrode 242 is 

charged, and ser.es as a collecting surface, similar to the second electrode 242, to attract the 
posiuvelychargedparticlesinthea^ 

tradingelectrode245generatesnegativeionstoneutralizethe P ositiveion S emittedbythef 1 rst 
electrodes 232. 

20 [0172] Fig. 12D illustrates that a pair of third focus electrodes 224 maybe located 

upstreamofeachfir^^^ 
ofmetmrdfocusele^ 

synu.etncallyaugnedwimeachotheralongextensionl^ 
224b2 lsm ,meandsyn™etri^ 

* B -Aspreviouslydescrib^ 

224bl ^leetrica^ 
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224a2,224b2haveafloatingpotential.Itis within the spirit and scope ofthe present invention to 
electrically connect all, or none, ofthe third focus electrodes to the high voltage generator 170. 

Electrode Assemblies With Seco nd Collector E lectrodes Having interstitial F.l^tiwW 
Figs. 12E-12F 

[0173] Fig. 12Eillustratesanotherembodimentoftheelectrodeassembly220with an 

interstitial electrode 246. In this embodiment, the interstitial electrode 246 is located midway 
between thesecond electrodes 242. For example, me ^^3^^^246315 located midway 
between the second electrodes 242-1, 242-2, while the interstitial electrode 246b is located 
midway between second electrodes 242-2, 242-3. Preferably, the interstitial electrode 246a, 
246b areelectricallyconnected to the first electrodes 232, and generate an electrical field with the 
samepositiveornegativechargeas^^ 

first electrode 232 then have the same polarity. Accordingly, particles traveling toward the 
interstitial electrode 246 will be repelled by the interstitial electrode 246 towards the second 
electrodes 242. Alternatively, the interstitial electrodes can have a floating potential or be 
grounded. 

101741 ItistobeMderstood to a ^ 

onesecondcollectorelectrodethantotheother. Also, the interstitial electrodes 246a, 246b are 
preferably located substantiallynearorattheprotectiveend 241 orendsofthetrailingsides244, 
asdepictedinFig.l2E. Still further the interstitial electrode can be substantially locatedalonga 
line between the two trailing portions or ends ofthe second electrodes. These rear positions are 
preferred as the mter^titial electrodes can cause me positively charged partic 
thetrailingsides 244 along the entire length ofthe negatively charged second collector electrode 
242, in order for the second collector electrode 242 to collect more particles from the airflow. 
25 [0175] StilIto her,memterstitialelectrodes246a,246bcanbelocatedupstream 

thetrailingside244ofthesecondcollectorelectrodes244. However, the closer the interstitial 



20 
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electrodes 246a, 246b get to the nose 246 of the second electrode 242, generally the less 
effectiveinters^ 

entire length the second electrodes 242. Preferably, the interstitial electrodes 246a, 246b are wire- 
shaped and smaller or substantially smaller in diameter than the width "W'ofthe second collector 

5 el ^des242.Forexample,memterstitialelectrodescanhavea 
theorder,ofmediametero^^ 

adiameterofone-sixteen^^ 

is substantially^ than the distance between second collector electrodes, as indicated by Y2. 
Further the inters 

10 ^nallylessman^ 

fortWssizeoftheinte^^ 

have a minimal effect on the airflow rate exiting the device 100 or 200. 

[0176J Fig. 12Fillustratesthattheelectrodea S sembly220inFig. 12E can include a pair 

ofthirdelectrodes224u 

15 ^electrodes224arep^^ 
thethudelectrode224a2is^ 

extension line A. Extension line A preferably extends from the middle of the nose 246 of the 
secondelectrode242-2tluoughthecenterofmef 1 rstelectrode232-rAsprevious 
inapreferred embodiment, onlythe third electrodes 224al,224bl are electrically connected to 
20 thehighvoltagegeneratorno. InFig. 12F, a plurality of interstitial electrode 296a and 246b are 
locatedbetweenthesecondelectrodes242. Preferably these interstitial elecfrodes axe m-lm^ 
have a potential gradient with an increasing voltage potential on each successive interstitial 
electrodeinthedownstre^ 

tWssimationmevoltageonmeinterstitialelectrodeswouldhavem^ 
25 the first electrode 232. 
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Electrode Assembly With an Fin a nced First Emitt er Electrode- 
Figs. !3A-nr 

[0177J ™ e P rev i°^ly described emM^ 

firsta J rayofelectrodes230havingatleastonewire- S hapedelectrode232J 
of thepresent invention for the first array of electrodes 230 to contain electrodes consisting of 
other shapes and configurations. 

[0178] Fig. UAillustratesthatthe^ curvedwire- 

shaped electrodes 252. The curved wire-shaped electrode 252 is an ion emitting surface and 
generates ajielectricfields^ 

232. Also similar to previous embodiments, each second electrode 242 is "downstream," and 
each third focus electrode 224 is "upstream," to the curved wire-shaped electrodes 252. The 
electrical properties and ch^^ 

224aresimilartothepreviouslydescribedembodimentshowninFig.6A.Itistobeunderstood 

thatanaltemativeembodimentofFig.l3Amayexcludethefocuselectrodes224andbewitMn 
1 5 the spirit and scope of the invention. 

[0179] As shown in Fig. 13A, positive ions are generated and emitted by the first 

electrode252.mgeneral,mequantityofnegativeioiisgeneratedandem^ 
isproportionaltothesurfaceareaofthefirstelectrode. The height Zl of the first electrode 252 

isequaltotheheightZlofthepreviouslydisclosedwire-shapedelectrode232.However,the 
total length of the electrode 252 is greater than the total length of the electrode 232.Bywayof 
exampleonly,andmaprefer^ 

or slack wire electrode 252 is 1 5-30o/„ longer than a rod or wire-shaped electrode 232. The 

electrode252isallowedtobeslacktoachievemeshorterheightZl.Whenawireisheldslack, 
toe wiremayformacurved shapes^ , 3A 

thespiritandscopeof^^ 

meelectrode252translatestoalargersurfaceareamanthew^^^ 
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electrode 252 will generate and emit more ions than the electrode 232. Ions emittedbythe first 
electrodearrayanachtothepart^^ 

is attracted to, and collected by, the oppositely charged second collector electrodes 242. Since 
the electrodes 252 generate and emit more ions than the previously described electrodes 232, 
moreparticulatematterwillberemovedfromtheairflow. The configuration shown in Fig. 13A 
may exclude the focus electrodes 224. 

[0180J Fi g 1 3Billustratesthatmefirstarrayofelectrodes230maymcludeflatcoil^ 
shapedelectrodes254.Eachfl^^ 

meprevioiislydisclosedW^ 

was straightenedout,theelectrode254willhaveatotal length thatis preferably 10% longer than 
theelectrode232. Since the height of the electrode 254 remains at Zl, the electrode 254 has a 
"kinked"configurationas shown inFig.BB. This greater length translates to a larger surface area 
oftheelectrode254 than the surface area ofthe electrode 232. Accordingly, the electrode 254 
will generate and emit a greater number of ions than electrode 232. It is to be understood that an 
altemativeembodimentofFig.l3B 
and scope ofthe invention. 

[0181] Fig. 13Cillustratesthatthefirstarrayofelectrodes230mayalsoinclude coiled 

wire-shapedelectrodes256. Again, the height Zl ofthe electrodes 256 is similar to the height Zl 

ofthe previously described electrodes 232. However, the total length ofthe electrodes 256 is 

greater than the total length ofthe electrodes 232. In a preferred embodiment, if the coiled 

electrode256wasstraightenedoutmeelectrodes256willhaveatotallengt^ 

longer than the wire-shaped electrodes 232. Thus, the electrodes 256 have a larger surface area . 

than the electrodes 232, and generate and emit more ions than the first electrodes 232.The 

diameterofthe wire thatis coiled toproducetheelectrode256is S imilartothediameterofthe 
electrode232.Thediamete^ 

in accordance wimmediameteroffirstemitterelectrode232.Thediameteroftheelectrode256 
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surface. IHs.obe^ers.oodtha.anal.emadve^bodtaen.ofFig.BCcanexctadeftefocus 
elecrmdes and be within the spin! and scope of the invention. 

10182) T "»'-'rodes252, 25 4 ail d 256slM w„ inFigs . 1 3 A . 1 3 Cmaybeincoiporaied 

tntoanyoftneelect^eassetnb,^^ 

10183] ™ efo *S™8**ripW 

or to Utntt the invention ,„ , he precise forms djsc]osed ^ ^ ^ 

^^-'^W-ttod.epn.ti^sM^i^^^^^^^^^^ 
of the invention. The embodiments were chosen and described in order ,o best explain the 

understaraltheinvenuonforvariotB^^ 

following claims and their equivalence. 
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1. An ion generator comprising: 

a first electrode; 
5 a second electrode; 

avoltage generator electrically coupled to the first electrode and the second electrode in 
order, when energized, to create a flow ofair in a downstream direction from the first electrode 
to the second electrode; and 

wherein said second electrode is comprised oftwo or more surfaces thatareat an angle 
10 to each other. 

2. The ion generator of claim 1 wherein said second electrode is Z-shaped. 

3 . The ion generator of claim 1 wherein said second electrode has a tail section that is 
15 substantially wider than a nose section. 

4. The ion generator of claim 1 wherein said second electrode has a downstream tail section 
that is substantially wider than an upstream nose section. 

20 5. Theiongeneratorofclaiml wherein said second electrode has a leading planar section 
and a trailing section that is at an angle to said leading planar section. 

6. The ion generator of claim 1 wherein said second electrodehas an upstream leading planar 
sectionandadownstreamtrailmgsectionmatisatanangletosaidleadmgplanars 

25 

7. The ion generator of claim 1 wherein said second electrode is hollow. 
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8. The ion ; 

lanar. 



. generator of claim 1 wherein said two or more surfaces are each pla 



in 



9. An ion generator comprising: 
a first electrode; 
a second electrode; 

avoltagegeneratorelectricallycoupledtothefirstelectrodeandmesecondel^ 

order^henenergized^ocreateaflowofairinadownstreamdirectionfromthefirstelectrode 
to the second electrode; and 

wherein said second electrode has a tail section that is wider than a nose section. 

10. ^"^erato^ 
section. 

11. A device for conditioning air comprising: 
a housing with an air inlet and an air outlet; 
a first electrode; 
a second electrode; 

said first electrode located closer to said air inlet than said second electrode; 
said second electrode located closer to said air outlet than said first electrode; 
ap<>tentialgeneratore^^^ 
order.whenenergized.tocrea^ 
to the second electrode; and 

whereinsaidsecondelectrodeiscomprisedoftwoormore surfaces that are atan angle 
25 to each other. 
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12. The ion generator of claim 1 1 wherein said second electrode is Z-shaped. 

13. The ion generator of claim 1 1 wherein said second electrode has a tail section that is wider 
than a nose section. 

14. The ion generator of claim 1 1 wherein said second electrode has a downstream tail section 
that is wider than an upstream nose section. 



15. The ion generator of claim 1 1 wherein said second electrode has a leading planar section 
10 and a trailing section that is at an angle to said leading planar section. 

1 6. The ion generator of claim 1 1 wherein said second electrode has an upstream leading 
planar section and a downstream trailing section that is at an angle to said leading planar 
section. 

15 

1 7. The ion generator of claim 1 1 wherein said second electrode is hollow. 

1 8. The ion generator of claim 1 1 wherein said two or more surfaces are each planar. 

20 19. A device for conditioning air comprising: 
a housing with an air inlet and an air outlet; 
a first electrode; 
a second electrode; 

said first electrode located closer to said air inlet than said second electrode; 
25 said second electrode located closer to said air outlet than said first electrode; 

a potential generator electrically coupled to the first electrode and the second electrode in 
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order, when energized, to create a flow of air in a downstream direction from the first electrode 
to the second electrode; and 

wherein said second electrode has a tail section that is wider than a nose section. 

5 20. The ion generator of claim 1 9 wherein said tail section is located downstream from said 
nose section. 

21. The ion generator of claim 1 wherein said second electrode is teardrop-shaped with a 
small rounded end and a large bulbous end and with the pointed end located closer to said 

10 first electrode. 

22. The ion generator of claim 1 wherein said second electrode is V-shaped with a rounded 
end, and with the rounded end of the V-shape located closer to said first electrode. 

15 23. The ion generator of claim 9 wherein said second electrode is teardrop-shaped with a 
small rounded end and a large bulbous end and with the small rounded end located closer 
to said first electrode. 



24. The ion generator of claim 9 wherein said second electrode is V-shaped with a rounded 
20 end, and with the rounded end of the V-shape located closer to said first electrode. 

25 . The ion generator of claim 1 1 wherein said second electrode is teardrop-shaped with a 
small rounded end and a large bulbous end and with the pointed end located closer to said 
first electrode. 

25 

26. The ion generator of claim 1 1 wherein said second electrode is V-shaped with a rounded 
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end, and with the rounded end of the V-shape located closer to said first electrode. 

27. The ion generator of claim 1 9 wherein said second electrode is teardrop-shaped with a 
small rounded end and a large bulbous end and with the small rounded end located closer 

5 to said first electrode. 

28. The ion generator of claim 19 wherein said second electrode is V-shaped with a rounded 
end, and with the rounded end of the V-shape located closer to said first electrode. 



10 



15 
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Abstract: 

10184] ^^orter-conditionerforremovmgparticlesfromtheairhasafe^ 
assemblyandase^^ 

theairflowastheairpass^ 

the device has dual inlet and dual outlet in order to enhance the airflow therethrough. An 

embodimentincludesacollectorelectrodewithmultiplesurfacesinordertoenhancepart^ 
collection. 
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